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 1.1 

1.0 Introduction 
 
 
 This document describes the interim-status groundwater monitoring plan for Waste Management 
Area (WMA) A-AX.  The plan is in accordance with the Resource Conservation and Recovery Act  
(RCRA) of 1976, as described in 40 Code of Federal Regulations (CFR) 265, Subpart F, by reference of 
Washington State Administrative Code (WAC) 173-303-400 (3).  It is designed to meet interim status 
requirements for WMA A-AX and replaces the previous plan that included all single -shell tank (SST) 
WMAs in one document (Caggiano and Goodwin 1991; Jensen et al. 1989).  In accordance with requests 
from U.S. Department of Energy-Richland Operations Office (DOE-RL), separate monitoring plans have 
been developed for each of the seven WMAs. 
 
 Since 1944, radioactive waste has been generated as a byproduct at the DOE Hanford Site during 
plutonium production for national defense activities (Figure 1.1).  Mixed waste (radioactive and 
dangerous chemical) left from the processing of irradiated fuel rods was stored in 149 underground 
single-shell tanks since that time.  Two single -shell tank farms, 241-A and 241-AX, constitute the WMA 
A-AX defined for use in developing and operating the groundwater monitoring network.  This WMA is 
located in the 200 East Area of the DOE Hanford Site.  The facilities in this WMA are included in the 
RCRA Dangerous Waste Permit Application, PART A (interim status) submitted in accordance with 40 
CFR 265.93.  As defined, this WMA may differ from RCRA waste management operable units delineated 
for remediation under the Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA). 
 
 The WMA A-AX consists of six SSTs in 241-A Tank Farm each with a capacity of 1 Mgal 
(3,785,000 L) and four SSTs in 241-AX Tank Farm each with a capacity of 1 Mgal (3,785,000 L) 
(Figure 1.2).  Also included are ancillary equipment consisting of seven diversion boxes, associated 
piping/diversion stations, valve pits, pumps, and the 244-AR waste transfer vault.  The initial 
groundwater monitoring network was designed for southwest flow and did not include coverage for the 
244-AR vault.  Recent analysis of the flow direction and inclusion of the 244-AR vault into the permit 
dictate that the network be redesigned for current conditions.  Tasks required to bring the plan into 
alignment with current subsurface conditions and the RCRA permit application are identified in this plan. 
 
Current Regulatory Status  
 
 In November 1980, the SSTs were removed from active service and replaced by double-shell tanks 
(DST) for the receipt of new waste and for transfer of waste from SSTs.  Liquid is currently being 
pumped from various SSTs at the DOE Hanford Site to the DSTs for long-term storage 
(HNF-EP-0182-131). 
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Figure 1.1.  Location of the 200 East Area Within the DOE Hanford Site in Washington State 
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Figure 1.2. Location Map of the 241-A and 241-AX Tank Farms.  These are single -shell tank farms  
 located in the southeast part of the 200 East Area of the Hanford Site. 
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 In May 1987, DOE issued a final rule (10 CFR 962) stating that the hazardous waste components of 
radioactive waste, defined as hazardous waste under RCRA, are subject to RCRA regulations.  In 
November 1987, the U.S. Environmental Protection Agency (EPA) authorized the Washington State 
Department of Ecology (Ecology) to regulate the hazardous component of radioactive mixed waste within 
the state of Washington (51 FR 24504).  Consequently, DOE (radioactive constituents) and Ecology 
(hazardous chemical constituents) jointly regulate the waste stored in the SSTs. 
 
 In May 1989, DOE, EPA and Ecology signed the Tri-Party Agreement (TPA) (Washington State 
Department of Ecology 1994).  This agreement established the roles and responsibilities of the agencies 
involved in regulating and controlling remedial restoration of the Hanford Site, which includes the SST 
RCRA WMAs.  As part of the RCRA regulatory process, a RCRA Part A (interim status) permit 
application (DOE/RL-88-21 1996) and closure/work plan (DOE/RL-89-16 1996) have been submitted to 
Ecology for the SSTs.  Although the SSTs are not included in the Hanford Site RCRA permit, the permit 
application serves as the guidance for groundwater monitoring and delineates specific ancillary equipment 
(e.g., vaults, diversion boxes) that are included in the WMAs. 
 
Waste Retrieval and Closure Plans  
 
 As a result of negotiating efforts from March to September 1993, DOE, Ecology, and EPA revised the 
tank waste disposal and closure strategy.  Certain aspects of the closure plan affect current and future 
groundwater monitoring strategies.  The plan requires that SST waste be retrieved from the tanks and 
separated into high-level and low-level radioactive fractions.  The low-level radioactive waste will be 
vitrified, and disposal will be onsite in a manner that does not preclude subsequent retrieval.  The vitrified 
high-level radioactive waste will be sent offsite to a geologic repository.  It is also stipulated that the SST 
farm operable units, including tanks, contaminated soil, and ancillary equipment, will be closed as treat-
ment, storage, and disposal (TSD) units under a single set of regulatory standards pertaining to the 
hazardous waste constituents (i.e., WAC 173-303, “Dangerous Waste Regulations”).  The radioactive 
constituents continue to be managed in accordance with the Atomic Energy Act (AEA) of 1954.  Closure 
of the SST farms is to be concluded by 2024.  In accordance with these long-term goals and regulatory 
requirements, it is prudent and cost-effective that major modifications of the groundwater monitoring plan 
consider both the impacts of waste retrieval on the subsurface and the extended monitoring needs of these 
closure plans. 
 

1.1 Plan Objectives 
 
 This revision of the original RCRA groundwater monitoring plan has several goals.  First, it is 
desirable to have separate monitoring plans developed and employed for each SST WMA as opposed to 
having one encompassing plan.  This RCRA monitoring plan is specifically tailored for WMA A-AX.  
Second, according to the most recent revision to the Part A (interim status) permit application, the 
244-AR vault and ancillary equipment have been added to the WMA A-AX system.  Coverage of the 
vault and the ancillary equipment was not included in the original monitoring strategy (Caggiano and 
Goodwin 1991).  This plan provides the groundwork to collect the data needed to design the additional 
groundwater coverage.  Third, based on first determination results of groundwater investigations at four 
other SST WMAs, it has been shown that the adequacy of current coverage provided by the original 
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networks is marginal when the determination of the source of the contamination is required.  Also, several 
RCRA sites have experienced changes in groundwater flow direction in response to the dissipation of the 
B-Pond and U-Pond mounds.  The 200 East Area has a flat water table that makes determination of the 
hydraulic gradient and flow direction difficult.  This plan contains a course of action to obtain the data 
needed to make a more accurate estimate of the flow direction.  Any modifications to the current well 
network indicated by flow direction will be addressed by later changes to this plan. 
 

1.2 Scope and Organization 
 
 This document describes the facilities and associated outlying equipment, operational history and 
characteristics of the stored waste at WMA A-AX.  This is followed by discussions of the site geology 
and hydrogeology used in design and operating the monitoring well network and in interpreting the 
groundwater data.  The historic groundwater chemistry is also provided.  Next is the WMA A-AX con-
ceptual model used to guide work on identification of potential sources and source type, migration 
pathways, and driving forces.  
 
 The plan includes a description of current well locations and construction, sample constituents, and 
sampling frequency.  It also discusses the adequacy of the current monitoring network required for 
compliance with 40 CFR 265, Subpart F and WAC 173-303-400 (3).  Finally, this document provides the 
basis for rapid development of an assessment plan should any of the indicator parameters result in a 
validated exceedence of calculated background critical means. 
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2.0 Background Information 
 
 
 To design and operate an adequate groundwater monitoring program for a Waste Management Area 
(WMA), knowledge of the surface conditions, facility histories, the nature of possible contamination, and 
subsurface conditions is required.  This section provides an overview of the facilities that comprise WMA 
A-AX.  It includes a brief account of the facilities’ operational histories, a description of waste currently 
stored in the tanks, and a discussion of the subsurface conditions found under the 241-A and 241-AX 
Tank Farms.  The stratigraphic framework is provided along with the nature of the unconfined aquifer and 
the current state of groundwater quality in the immediate area of the WMA.  The bulk of the information 
in this section can be found in Agnew (1997), Anderson (1990), Hanlon (1999), Caggiano (1991), 
U.S. Department of Energy-RL (DOE/RL)-88-21 (1996), and Kupfer et al. (1997). 
 

2.1 Facility Description 
 
 Located along the eastern boundary in the southeast quadrant of the 200 East Area, both 241-A and 
241-AX Tank Farms are near numerous double -shell tank (DST) farms with an extensive system of 
transfer pipes/valves, pumps, and catch tanks (Figure 1.2).  Included in the farm perimeters are seven 
inactive diversion boxes listed as part of the WMA A-AX (DOE/RL-88-21 1996) and the 244-AR Vault, 
located west of the 241-A Tank Farm. 
 
 The 241-A Tank Farm contains six 100 series single -shell tanks (SSTs) constructed from 1954 to 
1955.  The 241-AX Tank Farm contains four 100 series SSTs constructed from 1963 to 1964.  These 
tanks have an operating capacity of 1 Mgal (3,785,400 L) each.  The SSTs in these farms were used to 
store mixed wastes primarily from the Plutonium-Uranium Extraction (PUREX) process. 
 
 Tank configuration and dimensions are shown in Figure 2.1.  The tanks are below grade with at least 
six feet of soil cover to provide radiation shielding to protect operating personnel.  The inlet and overflow 
lines are located near the top of the liners.  The 241-AX Tank Farm is the only one in the 200 East Area to 
have a system of underground leak detection pipes located horizontally under the tanks.  Access to these 
laterals is through vertical 12 ft (3.7 m) diameter caissons sunk approximately 70 ft (21.3 m) below grade 
(Figure 2.1).  From each caisson, three laterals are bored horizontally under each tank bottom about ten 
feet below the cement base pad.  Currently none of these laterals are in use (Hanlon 1999). 
 
 The SSTs were constructed in place with carbon steel (American Society for Testing and Materials 
[ASTM] A283 Grade C in 241-A Tank Farm and ASTM A201 Grade C in 241-AX Tank Farm) lining the 
bottom and sides of a reinforced concrete shell.  The tanks in the 241-AX Tank Farm, although essentially 
the same as 241-A Tank Farm, have a grid of drain slots beneath the steel liner bottom to collect potential 
tank leakage.  Any leaked liquid is then diverted to a leak detection well.  The grids also served as an 
escape route for free water released from concrete grout during initial heating of the tank. 
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Figure 2.1. Schematic Showing the Construction of a Typical Single -Shell Tank with a 1 Mgal 

Capacity.  After DOE/RL-88-21. 
 
 The 241-A and 241-AX Tank Farms, along with 241-SX Tank Farm, contain the only tanks with a 
right angle intersection of the sides and the bottom.  Most of the other SST tanks have a dished intersec-
tion between sides and bottom.  The configuration of the side-bottom intersections and the method of 
welding combine to create an inherent weakness at these locations when subjected to heat stresses.  In 
some cases, these weaknesses have resulted in leaks to the subsurface. 
 
 Some waste generates enough heat to cause boiling of the tank supernatate.  The tanks in both 241-A 
and 241-AX Tank Farms were self-boiling.  Vapors from the boiling action were routed through headers 
to condensers, which are vented to the atmosphere through filters.  In the past the resulting condensate 
was either discarded to cribs or returned to the waste tank where it was used to maintain the desired liquid 
levels in tanks. 
 
 Recently added to the WMA, the 244-AR Vault contains four permitted underground tanks along 
with overhead crane operations equipment.  Constructed in 1976, the four underground units are stainless 
steel waste storage tanks.  Also included are high-pressure pumps used to transfer water or tank supernate 
through specially designed nozzles to tanks being sluiced.  A schematic showing tank configurations, 
depth below grade and the overhead crane is provided in Figure 2.2. 
 
 Nonboiling liquid waste from the operations building was sent to the tank farms via underground 
lines and diversion boxes.  Leaks occurred in the diversion boxes or into the surrounding line encasement 
drain and was collected by catch tanks. 
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Figure 2.2.  Schematic of the 244-AR Vault, which Consists of Four Smaller Tanks with Dimensions and 

Storage Capacities as Shown.  This vault was used in the transfer of waste from B-Plant to 
the eastern farms and in sluicing operations during the 1970s.  It has recently been included 
in the Part A Hazardous Waste Permit Application (DOE 1996).  After DOE/RL-88-21. 

 
The leaked liquids were then pumped to the large SSTs.  These transfer lines and diversion boxes are 
listed as part of the WMA in the Part A permit (DOE/RL-88-21 1996).  The catch tanks, however, are not 
listed as being part of the managed Resource Conservation and Recovery Act (RCRA) WMA. 
 
 Included in the SST system are seven inactive diversion boxes designated as waste piles along with 
the transfer pipes to the DST systems and associated equipment (DOE/RL-88-21 1996) (Figure 2.3).  All 
diversion boxes used within the farms are inactive and presently isolated or covered from the weather.  As 
used here, “isolated” means exterior water intrusion has been restricted.  The diversion boxes are included 
in the RCRA permit application because they were an integral part of the waste transfer system.  The 
boxes are important in the plan because some were the sites of contaminant releases to the subsurface.  It 
is estimated that each box contains 50 lbs (23 kgm) of lead, and they are listed as waste piles (Hanlon 
1999). 
 
 Pertinent information on the A-AX tanks, waste transfer vault, and the diversion boxes is provided in 
three tables.  Table 2.1 lists the tanks, vault, and diversion box numbers, year of construction, year 
removed from service, and operating capacity.  The date a tank was declared a leaker, the volume of 
leaked waste and associated curies is provided in Table 2.2.  Table 2.3 provides the current inventory and 
status of the 100 series tanks in WMA A-AX.  Data on tank integrity, the total waste in the tank, total 
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Figure 2.3.  Schematic of a Typical Diversion Box Transfer System.  There are seven diversion boxes 
 listed in the Part A Hazardous Waste Permit Application (1998).  After DOE/RL-88-21. 
 
pumpable liquid remaining in the tanks, total liquid pumped out of the tank during interim stabilization 
and the sludge/salt cake volumes for each tank are included in this table (Hanlon 1999). 
 
 After November 1980, high-level liquid radioactive waste was sent only to DST farms where the 
tanks have two separate liners of carbon steel with a leak detection system between the two.  The first 
DSTs were placed into service in 1971.  The 241-AN Tank Farm, containing seven DSTs constructed in 
the early 1980s, and 241-AZ Tank Farm, containing two DSTs constructed during the mid-1970s, are 
north of 241-AX Tank Farm.  The 241-AY Tank Farm, east of 241-AX Tank Farm, contains two DSTs 
constructed during the late 1960s.  Directly south of 241-A Tank Farm is the 241-AW Tank Farm, with 
six DSTs constructed during the late 1970s, and the 241-AP Tank Farm, with eight DSTs constructed 
during the mid-1980s.  Each of these farms has associa ted underground transfer lines, catch tanks, and 
diversion boxes, which not only limit the location of monitoring wells with respect to WMA A-AX but 
also present potential complications for discerning contaminant sources both in the past and future. 
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Table  2.1.  Summary Data for Facilities Comprising WMA A-AX 
 

Tank Number 
Year of 

Construction 
Year Removed 
from Service 

Operating Capacity 
(gal) 

241-A-101 1954-1955 1980 1,000,000 

241-A-102 1954-1955 1980 1,000,000 

241-A-103 1954-1955 1980 1,000,000 

241-A-104 1954-1955 1975 1,000,000 

241-A-105 1954-1955 1963 1,000,000 

241-A-106 1954-1955 1980 1,000,000 

241-AX-101 1963-1964 1980 1,000,000 

241-AX-102 1963-1964 1980 1,000,000 

241-AX-103 1963-1964 1980 1,000,000 

241-AX-104 1963-1964 1978 1,000,000 

Diversion Box 
Year of 

Construction 
Year Removed 
from Service(a) 

Operating Capacity 
(lbs) 

241-A-152 1955 1985 NA 

241-A-153 1966 1985 (?) NA 

241-AX-151 1963 1985 NA 

241-AX-152 1962 NA NA 

241-AX-155 1983 1985 (?) NA 

241-AY-151 1975 1985 (?) NA 

241-AY-152 1970 1985 (?) NA 

Tank Number 
Year of 

Construction 
Year Removed 
from Service 

Operating Capacity 
(gal) 

244-AR-001 1976 NA 43,000 

244-AR-002 1976 NA 43,000 

244-AR-003 1976 NA 4,785 

244-AR-004 1976 NA 4,785 

NA = Not applicable. 

(a)  Isolation date. 

 
Table 2.2.  Tank Leak Volume Estimates (After Hanlon 1999) 

 

Tank Number 

Date Declared 
Confirmed or 

Assumed Leaker Volume Leaked (gal) 

Associated 
Kilocuries 

137Cs 

Interim 
Stabilized 

Date 

Leak 
Estimate 
Updated 

241-A-103 1987 5,500  06/88 1987 

241-A-104 1975 500 to 2,500 0.8 to 1.8 09/78 1983 

241-A-105 1963 10,000 to 277,000 85 to 760 07/79 1991 

241-AX-102 1988 3,000  09/88 1989 

241-AX-104 1977 8,000  08/81 1989 
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Table 2.3.  Inventory and Status by Tank (After Hanlon 1999) 
 

Tank 
Tank 

Integrity 

Stabilization/ 
Isolation 

Status 

Total 
Waste 
(Kgal) 

Total 
Pumped 
(Kgal) 

Drainable 
Liquid 
Remain 
(Kgal) 

Pumpable 
Liquid 
Remain 
(Kgal) 

Sludge 
(Kgal) 

Salt 
Cake 
(Kgal) 

A-101 Sound PI 953 0.0 721 697 3 442 

A-102 Sound IS/PI 41 39.5 6 0 15 22 

A-103 Assumed 
leaker 

IS/IP 371 111.0 20 0 366 0 

A-104 Assumed 
leaker 

IS/IP 28 0.0 0 0 28 0 

A-105 Assumed 
leaker 

IS/IP 19 0.0 4 0 19 0 

A-106 Sound IS/IP 126 0.0 7 0 126 0 

AX-101 Sound PI 748 0.0 558 534 3 359 

AX-102 Assumed 
leaker 

IS/IP 39 13.0 17 3 7 28 

AX-103 Sound IS/IP 112 0.0 36 3 2 110 

AX-104 Assumed 
leaker 

IS/IP 7 0.0 0 0 7 0 

IP = Intrusion prevention. 

IS = Interim stabilized or isolated. 

PI = Partially interim. 

 
 Located just south of SST 241-AX 103, adjacent to the WMA boundary and just north of the 241-AW 
DST Farm is the 242-A Evaporator/Crystallizer.  The 242-A Evaporator Building contains the evaporator 
vessel, supporting process equipment, and the principal process components of the evaporator-crystallizer 
system (DOE/RL-92-04 1993).  This is currently an active facility periodically running waste concentra-
tion campaigns with active waste transfers.  A leak associated with this facility would be difficult to 
separate from a WMA leak. 
 

2.2 Facility Operational History 
 
 The Hanford Site, established in 1943, was originally designed, built, and operated to produce 
weapons-grade plutonium using production nuclear reactors and chemical processing plants.  In March 
1943, construction began on three reactor facilities (B, D, and F Reactors) and three chemical process 
facilities (B, T, and U plants).  After WWII, six more reactors were built, the last being N Reactor 
(DOE/RL-92-04 1993). 
 
 Operations in the 200 Areas were centered on the separation of special nuclear materials from 
irradiated nuclear fuel.  There are two main separation processing facilities located in the 200 East Area.  
The first is B Plant (221-B Building), which began operations in 1945, where plutonium and later certain 
fission products were separated from uranium.  The other is the PUREX Plant (202-A Building), con-
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structed between 1953 and 1955, where plutonium and uranium were extracted from reactor fuels (Kupfer 
et al. 1997; DOE/RL-92-04 1993).  The waste sent to tanks in WMA A-AX came primarily from 
operations at the PUREX Plant and the B Plant waste fractionation process. 
 
 Between 1945 and 1952, the bismuth phosphate process (BPP) was used at B Plant to recover 
plutonium.  The process was discontinued there in 1952.  In 1968, B Plant was used for a second mission, 
recovering cesium and strontium fission products from the liquid wastes stored in the SSTs and from 
wastes concurrently produced by the PUREX process.  This process was termed B Plant Waste Fractioni-
zation.  Stored PUREX and Reduction-Oxidation (REDOX) waste tank supernates were processed for 
137Cs and 90Sr removal.  In addition, the waste produced at PUREX during this time was processed for 
90Sr removal.  Settled sludge solids in the 241-A and 241-AX SSTs were also sluiced and transferred to B 
Plant for 90Sr removal.  In 1974, work began on precipitating and encapsulating the recovered cesium and 
strontium.  Cesium recovery operations in B Plant were completed in September 1983, while strontium 
recovery operations were completed in February 1985.  Other than the capsule storage at the Waste 
Encapsula tion and Storage Facility, the B Plant facility is inactive (DOE/RL-92-05 1993; Westinghouse 
Hanford Company [WHC]-MR-0132 1990; Kupfer et al. 1997). 
 
 Between waste fractionization campaigns, a solvent extraction process was used in B Plant to recover, 
concentrate and purify 90Sr and rare earths from the acid waste being generated at PUREX.  The PUREX 
high level waste produced before 1968 but present in the settled sludges in 241-A and 241-AX Tank Farm 
SSTs were also processed with this solvent extraction process (Kupfer et al. 1997).  Various organics 
including tributyl phosphate (TBP) were used as extractants and as chelating agents.  These organics were 
part of the solvent extraction system wastes and were the main source of the organics currently found in 
the Hanford waste tanks. 
 
 Used between 1956 and 1972, the PUREX process was an advanced solvent extraction technique 
adapting TBP in normal paraffin hydrocarbon for recovery of plutonium, uranium and neptunium from 
nitric acid solutions of irradiated uranium.  This process was utilized at the PUREX plant between 1956 
and 1972, processing aluminum-clad fuels and after 1966, some Zircaloy-clad fuels (Kupfer et al. 1997).  
After 11 years in standby, the plant resumed operations in November 1983.  Only Zircaloy-clad fuels 
were processed from 1983 to 1989.  In 1966 and 1970, two thorium campaigns were run in the 202-A 
Building.  The waste generated from these events was sent to the 241-C Tank Farm.  Operations ceased 
at PUREX Plant in 1990, and a decision to shut down the facility was announced in December 1992. 
 
2.2.1 Tank Operational History 
 
 The PUREX Plant came on line as a production facility in January 1956 and processed approximately 
72% of the reactor fuel produced at the DOE Hanford Site.  This included natural and enriched aluminum 
clad uranium fuel, aluminum-clad thorium fuel, and Zircaloy-clad N Reactor fuel.  The processing wastes 
included high-level solvent extraction wastes, both self-boiling and “non-boiling,” and the cladding 
wastes, organic wash wastes and cell drainage.  The neutralized PUREX acid waste was routed to the 
241-A, the 241-AX Tanks Farms, and later to DSTs.  Until 1969, the sodium carbonate organic wash 
wastes were combined with the self-boiling high level PUREX wastes for purposes of waste reduction.  
After 1969, these wastes were routed to non-boiling low level waste storage in 241-C Tank Farm. 
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 The first two tanks to receive PUREX waste were 241-A-101 and 241-A-102.  These tanks were 
partially filled with wastes that did not boil because the initial volumes were large.  In May 1956, waste 
that was high in salts was sent to 241-A-103 where the volume was controlled sufficiently so that the 
wastes generated enough heat to boil.  The remaining tanks in this farm came on line in the next few years 
receiving PUREX wastes, either high level and/or organic wash waste.  Agnew (1997) states that, 
although tanks in both 241-A and 241-AX Tank Farms were equipped for boiling wastes, only 
241-A-101, -102, -103, -104, and -105 were self-concentrating tanks. 
 
 The 241-A Tank Farm received primarily PUREX waste from the 202-A Building until 1968.  After 
B Plant Waste fractionization began, these tanks were sluiced beginning with 241-A-101 to provide feed 
for the fractionation process.  Tanks 241-A-104 and 241-A-105 were found to be leaking.  Sluicing opera-
tions were completed in 241-A-104 to remove residual waste.  The history for 241-A-105 is more 
complicated and is provided in the next section. 
 
 The 241-AX Tank Farm began receiving waste primarily from the PUREX plant in 1965.  Tanks in 
this farm continued to receive PUREX waste until 1969.  Tanks 241-AX 101 and -102 began receiving 
fractionization waste in 1969.  These tanks were sluiced in 1975 to provide feed for B Plant.  
Tanks 241-AX-103 and -104 received only PUREX waste until 1973 when PUREX sludge tank supernate 
was stored in these tanks.  Each tank was sluiced in 1976.  The liquid level in 241-AX-104 was kept low 
after sluicing because of questionable tank integrity. 
 
 Except for 241-A-104, -105 and 241-AX-104, after 1977, the tanks in both farms received waste 
listed as evaporator feed, double-shell slurry feed (DSSF), non-complexed waste (NCPLX), complexed 
waste (CPLX), complex concentrated waste (CCW), complexant concentrate (CC), and Hanford Defense 
Residual Liquid (HDRL) (WHC-MR-0132).  Presumably, this organic waste is from the final solvent 
extraction process run at B-Plant to concentrate 90Sr and rare earths. 
 
 The tanks in both farms were removed from service in 1980 except for three tanks (Hanlon 1999).  
The dates of last service for tanks 241-A-104, -A-105, and -AX-104 were 1975, 1963, and 1978, respec-
tively.  Information on the nature of waste received at each tank along with estimates of waste volume 
that boiled off and the amounts of cooling water added is provided in Anderson (1990).  Specific tank 
waste additions and transfers through 1979, the last full year of active operation, are included.  After this 
time, information on SST operations can be found in the “living document,” HNF-EP-0182-131 (Hanlon 
1999), which is published monthly to report on tank status and farm operations.  Appendix A contains the 
current total waste inventory of hazardous and nuclear chemistry on a tank-by-tank basis.  Inventories 
were estimated with the Hanford defined waste model (Agnew 1997).  These data are used to form a 
complete list of site-specific contaminants for groundwater water monitoring and for comparison with 
observed groundwater chemistry. 
 
 In general, vaults were utilized as a central receiving station between SSTs or from other waste 
generating facilities to the SSTs.  Vaults could also be used to treat waste already stored in the SSTs.  The 
244-AR Vault was constructed with stainless steel interim waste storage tanks so that acid waste from 
PUREX could be stored and processed for 90Sr removal without having to neutralize or reacidify the  
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wastes.  In addition, high-pressure pumps in the 244-AR-Vault were also used to transfer water or tank 
supernate through specially designed nozzles to tanks being sluiced for sludge removal to support the 
fractionization process at B Plant during the 1970s. 
 
2.2.2 Tank Leak History 
 
 It is difficult to determine the exact causes of tank failure.  While there are several mechanisms sug-
gested for failure, including stress, corrosion, cracking and mechanical tearing of the liner, the extreme 
difficulty of direct inspection makes it impossible to accurately characterize specific failures.  After 
testing in 1958 at the SX Tank Farm, a horizontal system of three la terals was installed in 1961 beneath 
the 241-A tanks to detect radiation and monitor temperature changes under the tanks.  At this time, 
additional dry wells were also installed.  A later improvement in leak detection was the incorporation of 
drain channels and sump collection wells in the AX tank design. 
 
 Tanks storing self-boiling wastes have been equipped with liquid level measurement devices that 
provide an indication of changes in tank contents.  These farms also include dry wells but additional wells 
were drilled in strategic locations around various non-boiling waste tanks as a means of detecting tank 
leakages.  The dates of these drywell installations at 241-A- and 241-AX Tank Farms can be found in 
Anderson (1990). 
 
 The 241-A Tank Farm has three tanks that have leaked, 241- A-103, A-104, and A-105, while the 
241-AX Farm has two, 241-AX-102 and AX-104.  Agnew (1998) advised that the leaks in AX-102 and 
AX-104 were located in the header lines at the 20-inch vapor line in each tank.  Tank 241-A-105 has 
experienced the largest leak, and its leak history is discussed in detail below.  The estimated total leak 
volume from each of these tanks is provided in Table 2.3. 
 
 Tanks 241-A-103, 241-A-104, and 241-AX-102 have leak volumes below 5500 gal (Hanlon 1999).  
Leak volumes for 241-A-103 (5,500 gal) and 241-AX-102 (3000 gal) were estimated based solely on 
observed liquid level decreases, which is thought to be the most accurate method of leak volume 
estimation.  The approximate leak volume for 241-A-104 is between 500 and 2,500 gal.  All of these 
tanks are listed in Hanlon (1999) as interim stabilized. 
 
 The actual leak volume for 241-AX-104 is not known.  Tank 241-AX-104 began receiving PUREX 
waste in 1958 and was sluiced in 1969.  It was not discovered as a leaker until it was sluiced again in 
1975.  The remaining liquid was removed and the tank was taken out of service.  Tank 241-AX-104 is 
one of 19 SSTs, listed as leakers, with no direct means of estimating leak volumes.  Since no estimate of 
liquid levels can be obtained directly, a method to estimate leakage was devised based on the cumulative 
leak volume of 18 tanks for which there are liquid level data.  It was assumed that the cumulative leakage 
of the 18 tanks with known leak volumes should equal that of the 19 tanks for which there was no way of 
estimating leak volume.  This method results in a leak estimate for 241-AX-104 of 8,000 gal (Hanlon 
1999). 
 
 Not included in tank leak estimates are surface leaks, waste transfer line leaks, leaks at the joint for 
the overflow or fill lines, cooling/raw waterline leaks, or surface intrusions from rain infiltration.  Leaks 



 2.10 

from catch tanks, diversion boxes, or encasements are also not included in volume estimates (Hanlon 
1999).  For events that are known and documented, the location and identifying number of surface spills, 
overflows, or line leaks are provided on the location map in Figure 1.2. 
 
 The following description of past events at tank 241-A-105 are taken from WHC-MR-0264 (1991) 
and Allen (1991).  Although built in 1955, 241-A-105 was not used until May 1962 when it was made 
ready to support the PUREX cesium recovery program.  Before that time, the tank contained a maximum 
of 18 in. (46 cm) of water.  In May 1962, 330,000 gal of supernate were added followed by several 
transfers of waste into and out of the tank.  PUREX waste was added and the tank reached boiling 
temperature in early March 1963.  As early as September 1963, unexplained tank level increases (12 in.) 
started to occur.  Steam was probably forming under the tank liner at this time, deforming it upward 
(WHC-MR-0264 1991).  In November 1963, low-intensity radiation was detected in one leak-detection 
lateral.  Later evidence indicated, however, that the suspected side wall leak had self-healed.  The tank 
was filled to capacity in December 1964. 
 
 In January 1965, a severe steam explosion occurred in tank 241-A-105.  Shortly after, an 80,000-gal 
(302,833 L) bulge in the floor of the metal liner was discovered.  The bulge is approximately 8 ft (2.4 m) 
above the concrete foundation.  Subsequently, radiation was detected in drywells around the tank and it 
was declared a leaker.  In 1968, when the tank was pumped down for sluicing, it was established that the 
metal liner had ruptured and significant amounts of sludge were suspected to reside under the bulge. 
 
 Sluicing operations to remove waste from the tank began in August 1968 and continued intermittently 
through August 1970.  To keep tank temperatures below operating limits, cooling water was added until 
January 1979 when the tank was put on a portable exhauster system. 
 
 The current estimate of the total leak volume for tank 241-A-105 is 10,000 to 277,000 gal (37,900 to 
1,050,000 L) (WHC-MR-0264; Hanlon 1999).  Earlier estimates excluded the cooling water leaks, but in 
1991, the leak volume estimates for this tank were updated in accordance with the Washington State 
Administrative Code (WAC) regulations Dangerous Waste Regulations (WAC 173-303-070 [2][a][ii], as 
amended, Washington State Department of Ecology (Ecology), 1990, Olympia, Washington).  
Consequently any cooling water added and subsequently leaked from the tank must be classified as a 
waste and included in the total leak volume. 
 
 For the initial leak prior to 1968, the total leak volume is estimated as 5,000 to 15,000 gal (18,927 to 
56,781 L).  While the tank was being sluiced from August 1968 to November 1970, it was estimated that 
5,000 to 30,000 gal (18,927 and 113,562 L) leaked from the tank.  From November 1970 to December 
1978, 610,000 gal (2,309,101 L) of cooling water were added to the tank.  In WHC-EP-0410 (Allen 
1991), it is estimated that 378,000 to 410,000 gal (1,430,886 to 1,552,019 L) of water evaporated out of 
the 241-A-105 tank from November 1970 to December 1978.  Subtracting the minimum evaporation 
estimate from the added cooling water provides a maximum estimate of 232,000 gal (878,216 L) of 
cooling water leakage during those 8 years.  Estimated leak volumes are reported for the remaining tanks 
in both farms in Table  2.2. 
 



 2.11 

2.2.3 Recent History 
 
 Currently, treatment of the mixed waste in the SST system, consisting of all SST farms, occurs when 
solids and interstitial liquids are separated and/or cooling liquids are added.  These treatment processes 
involve, but are not limited to, mechanical retrieval, sluicing, and saltwell pumping of the mixed waste.  
The entire SST system has a process design limit of 600,000 gal (2,271,240 L) per day based on the 
simultaneous pumping of two SSTs in a 24-hour period.  Ancillary equipment use for the transfer of 
liquid mixed waste consists of:  1) centrifugal pumps capable of pumping liquid mixed waste at 400 gal 
(1,514 L) per minute, 2) induction pumps capable of pumping liquid waste from the salt well at 5 gal 
(19 L) per minute, and 3) associated valves and piping to the DST system. 
 
 Another activity conducted in SST farms is leak detection.  The primary method of ascertaining the 
integrity of the tanks is by monitoring the liquid levels within the tanks, accounting for liquid evaporation 
and accounting for known liquid increases.  The liquid level method has the ability to detect a leak of 
8,000 gal (30,283 L) in a nonboiling tank (moist solid), with a leak detection limit on liquid surfaces of 
~1,300 gal (~4,900 L).  Up until 1994, a secondary method of leak detection around the SSTs included 
the use of gross gamma logs from adjacent dry wells located in the farms.  Recent data were compared to 
previous logs to determine if contamination exists and ascertain if contamination movement has occurred.  
Unfortunately, this method is limited to detection of only the gamma emitting waste in proximity of the 
borehole and excludes detection of the mobile beta emitting radionuclides like 99Tc. 
 
 Because of the advanced age of the SSTs, the pumpable liquid is currently being removed from the 
SSTs and stored in DSTs as part of the interim stabilization project.  For a review of stabilization 
pumping at WMA A-AX, see Table 2.3.  Most of the pumpable liquid has been removed from these tanks 
with the exception of 241-A-101 (697,000 gal [2,638,432 L]) and 241-AX-101 (534,000 gal 
[2,021,410 L]).  Saltwell pumping of these tanks is scheduled sometime before FY 2004, the date for final 
stabilization of all SSTs. 
 
 The 242-A Evaporator-Crystallizer lies on the southern boundary of WMA A-AX next to well 
299-E25-46.  It started operations in March 1977 but was shut down in April 1989 because of regulatory 
issues pending subsequent upgrading.  The evaporator was restarted in April 1994 and is currently 
operating although the last campaign shown in Hanlon (1999) was in 1997.  The facility operates under 
a vacuum, using evaporative concentrations with subsequent crystallization and precipitation of salt 
crystals.  If effluent leaked from this facility or associated waste transfer lines has entered the 
groundwater, such contamination could be confused with tank farm sources. 
 

2.3 Waste Characteristics 
 
 The combination of the PUREX campaigns and the B Plant fractionation processes have produced the 
most complicated combination of wastes at the DOE Hanford Site (Agnew 1997).  Agnew identified 
twenty-one distinct waste types derived from the PUREX campaign between 1956 and 1988.  These 
wastes take one of three general forms:  sludge, salt cake, or liquid.  Different salts precipitated over time 
as water evaporated from the waste producing the salt cake found in the tanks today.  The sludge consists 
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of partial solids such as hydrous metal oxides that precipitated from the neutralized high level acid 
wastes.  Liquids exist as tank supernates or as interstitial liquid leaving a stratified structure of salt, 
sludge, and liquid within the tanks. 
 
 To assure that the groundwater monitoring approach at WMA A-AX provides a complete constituent 
list for sample analysis, especially in the event the site is placed in assessment, it is necessary to study 
these waste types and identify key elements in the wastes.  The following discussion provides information 
on the chemical and radioactive species derived from the PUREX and B Plant fractionation processes 
cataloged for each tank in Appendix A. 
 
 The most current tank-by-tank waste inventory can be found in the best-basis inventory developed as 
part of the Standard Inventory task and maintained by the River Protection Project (Kupfer et al. 1997).  
This inventory includes not only estimates based on models of the chemical processes used for 
plutonium-uranium extraction but also the analytical data of waste samples taken directly from specific 
tanks.  Direct tank sampling and analysis is an ongoing project, and the database is currently being 
compiled.  This waste characterization information is used in Section 4.0 to determine the main 
constituent list for chemical analyses for groundwater monitoring at WMA A-AX. 
 
 Waste chemistry related to the primary processes conducted at PUREX and routed to tanks in the 
241-A and 241-AX Tank Farms are discussed.  The pertinent processes are listed: 
 

• PUREX primary process 
 
• Organic wash wastes 
 
• PUREX to B Plant 137Cs recovery (B Plant fractionation) 
 
• PUREX to B Plant 90Sr recovery (B Plant fractionation process). 

 
 Information on the chemical species in the waste streams sent to tanks in WMA A-AX are taken from 
Agnew (1997), Anderson (1990), and analytical results of wastes samples from specific tanks in 241-A 
and 241-AX Tank Farms.  Although Hanlon (1999) reports the general chemistry of the last waste 
received by the SSTs, it is necessary to consider all the waste types stored in the tanks since residual 
vadose zone plumes from past tank associated leaks can act as sources for groundwater contamination 
(Johnson and Chou 1998; Narbutovskih 1998). 
 
 The bulk of the waste directed to the 241-A Tank Farm was neutralized PUREX acid waste (P).  The 
principal constituents in the waste are sodium, nitrate, sulfate, phosphate, aluminum, and iron.  The 
principal radioactive nuclides in WMA A-AX tank waste, in order of decreasing concentrations, are 
principally 90Sr, 137Cs, 99Tc, and 60Co.  Although 239,240Pu and its daughter 241Am are detectable, it is 
unlikely that either is sufficiently soluble to be found in the groundwater.  There appears to be very little 
129I in the tank wastes.  Iodine tends to be volatile during generation in the reactor and, like tritium,  
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migrates to the outer regions of the fuel rod.  The 129I would have been removed along with the tritium in 
the cladding wastes, which were disposed to cribs.  Alternatively, the 129I may have escaped the liquid 
wastes as I2 gas, and therefore not represent a significant part of the disposed liquids. 
 
 The organic solvent used in PUREX was treated with potassium permanganate and sodium carbonate 
followed by dilute nitric acid.  The resulting organic wash waste (OWW) was eventually combined and 
sent to the self-boiling tanks until 1969.  The main constituents in OWW were sodium, lead, nitrate, 
potassium, and manganese. 
 
 The waste streams added last to the tanks during the 137Cs and 90Sr fractionation processes caused the 
total tank waste to be extremely complicated chemically.  The Phosphotungstic Acid Process (PTA), one 
method used for the recovery of 137Cs, left minor amounts of tungsten and phosphate in the wastes.  
Zeolites were used as resins in another 137Cs recovery process.  For the final 90Sr extraction process, 
several water-soluble organics were used as chelating agents to remove divalent metals such as iron from 
solution.  These organics were ethylenediamine tetra acetic acid (EDTA) and N (2-hydroxyethyl) 
ethylenediamine tetra acetate (HEDTA) or citrate.  Di (2-ethylhexyl) phosphoric acid (D2EHPA) and 
TBP was used as extractants.  Approximately 20% of the 90Sr was left in the waste and returned to the 
tanks.  These organics are the complexents added to the tanks in 1978 and 1979. 
 
 Based on analyses of waste samples, other important constituents are the metals Na, Ca, Al, Ba, K, U, 
Fe, Si, Pb, Ni, and Mn.  Although Agnew (1997) has estimated significant chromium concentrations for 
most of the tanks in both 241-A and 241-AX Tank Farms, only samples from tank A-106 confirm these 
estimates.  Samples of both solids/sludges and liquids indicate that there may not be much chromium in 
the tank waste.  Also, a source of chromium was not identified in descriptions of separation processes or 
wastes streams.  Although two thorium campaigns were conducted at PUREX in 1966 and 1970, the 
wastes from these events were sent to 241-C Tank Farm.  The site-specific parameters found in 
Section 4.4 are based on the chemical species identified in the above discussion. 
 

2.4 Geology 
 
 This section describes the geology beneath WMA A-AX.  It contains a revision of the geologic 
description given in Caggiano and Goodwin (1991).  It is important that a detailed understanding of the 
local subsurface be obtained prior to design or revision of a groundwater monitoring network.  Such 
information allows optimization of the well locations and well construction.  Knowledge of the sub-
surface is also required to evaluate flow properties, interpret the groundwater chemistry and evaluate the 
efficiency of the network over time.  The results of this geologic and stratigraphic revision were used to 
construct the conceptual model for WMA A-AX presented in the next section. 
 
 The geologic descriptions are based on recent interpretations of the stratigraphy in the 200 East Area, 
data from the installation of a new well, and interpretations of gross gamma-ray logs and moisture data 
that were not included in Caggiano and Goodwin (1991).  Archived soil samples were reevaluated to 
assist interpretations of areas left ambiguous after inspecting the geology and drillers logs.  Results were 
compared to regional studies to assure coherence within the larger framework of stratigraphic 
interpretations. 
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 The last section contains information pertaining to physical properties of the unconfined aquifer.  
Aquifer properties were determined from the stratigraphic interpretations, aquifer tests, and from the 
regional groundwater table provided in the most recent annual groundwater monitoring report (Hartman 
et al. 2000). 
 
2.4.1 General Stratigraphy 
 
 The regional geologic setting of the Pasco Basin and the Hanford Site has been described by Delaney 
et al. (1991) and DOE (1988).  Tallman et al. (1979) and more recently Lindsey et al. (1992) described 
the geology of the 200 East Area.  The geology specific to WMA A-AX was first described by Price and 
Fecht (1976a, 1976b) and then by Caggiano and Goodwin (1991).  Most recently, the WMA A-AX 
geology was summarized in Narbutovskih et al. (1996), Jones et al. (1998), and Williams et al. (2000).  
This update is based on those previous works amended to include use of gross gamma-ray logs, neutron 
moisture data, re-evaluated borehole samples, and laboratory moisture, and particle size distribution data. 
 
 In summary, the geology of the 200 East Area consists of the Elephant Mountain Member of the 
Saddle Mountains Basalt, Columbia River Basalt Group overlain by the Ringold Formation, and the 
Hanford Formation.  The Ringold Formation consists of fluvial and lacustrine sediments deposited by the 
ancestral Columbia and Clearwater-Salmon river systems between 3.4 and 8.5 Ma.  Lindsey (1996) 
described the Ringold Formation in terms of three informal members:  1) the member of Wooded Island, 
2) the member of Taylor Flat, and 3) the member of Savage Island.  Of these, only the member of Wooded 
Island is present beneath the 200 East Area. 
 
 The member of Wooded Island consists of five separate units dominated by fluvial gravels.  The gravels 
are designated (from bottom to top) as Units A, B/D, C, and E and are separated by fine-grained deposits 
typical of overbank and lacustrine environments.  The lowermost of the fine-grained sequences is designated 
the Lower Mud Unit.  Only gravel Units A and E are present beneath the 200 East Area, and the Ringold 
Formation is entirely absent beneath the northern part of the 200 East Area (Lindsey 1992). 
 
 The Ringold Formation gravels are clast- and matrix-supported, pebble to cobble conglomerates with a 
fine to coarse sand matrix (Lindsey 1996).  The most common clast lithologies are basalt, quartzite and 
intermediate to felsic volcanics.  Interbedded lenses of silt and sand are common.  Cemented zones within 
the conglomerates are discontinuous and of variable thickness.  In outcrop, the conglomerates are massive, 
plane-bedded, or cross-bedded.  
 
 The Hanford formation overlies the Ringold Formation and consists of glaciofluvial sediments 
deposited by cataclysmic floods from Glacial Lake Missoula, Pluvial Lake Bonneville, and ice-margin 
lakes.  These sediments resulted from at least four major glacial events and were deposited between about 
1 Ma and 13 Ka ago.  The formation consists of pebble to boulder sized gravel, fine- to coarse-grained sand, 
and silt- to clayey-silt.  These deposits are divided into three facies:  1) gravel-dominated facies, 2) sand-
dominated facies, and 3) silt-dominated facies.  These same facies are referred to as coarse-grained deposits, 
plane-laminated sand facies, and rhythmite facies, respectively in Bjornstad et al. (1987).  The Hanford 
formation is present throughout the Hanford Site and is up to 213 ft (65 m) thick (Delaney et al. 1991). 
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 1. Gravel-Dominated Facies.  This facies generally consists of pebble to boulder gravel, coarse-grained 
basaltic sand, and coarse-grained, etc.  These deposits display an open framework texture, massive 
bedding, plane to low-angle bedding, and large-scale planar cross bedding of the cobbles in outcrop.  
Sand and silt beds are interbedded throughout the facies.  Gravel clasts are dominantly basalt with lesser 
amounts of Ringold Formation clasts such as granite, quartzite, and gneiss (Lindsey 1992).  The gravel-
dominated facies was deposited by high-energy floodwaters in or immediately adjacent to the main 
cataclysmic flood channels. 

 
 2. Sand-Dominated Facies.  This facies consists of fine- to coarse-grained sand and pebble gravel.  The 

sands typically have a high basalt content and are commonly referred to as black, gray, or salt-and-
pepper sands (Lindsey 1992).  They may contain small pebbles and rip-up clasts, pebble-gravel 
interbeds, and silty interbeds less than 3 ft (1 m) thick.  The silt content of the sands is variable, but 
where it is low, a well-sorted and open framework texture is common.  This facies commonly 
displays plane lamination and bedding.  It less commonly has channel-fill sequences (Lindsey 1992).  
The sand dominated facies was deposited adjacent to main flood channels during the waning stages of 
flooding.  The facies is transitional between the gravel-dominated facies and the silt-dominated facies. 

 
 3. Silt-Dominated Facies.  This facies consists of thin bedded, plane-laminated and ripple cross-laminated 

silt and fine- to coarse-grained sand.  Beds are typically a few inches to several tens of inches thick and 
commonly display normally graded-bedding (Lindsey 1992).  Local clay-rich beds occur in the silt-
dominated facies (Myers and Price 1979; Bjornstad et al. 1987; DOE 1988).  Sediments of this facies 
were deposited under slack water conditions and in back-flooded areas (DOE 1988). 

 
Methodology 
 
 The interpretations of subsurface geology in this chapter are based, in part, on the work of previous 
studies (see above) and, in part, on reexamination and reevaluation of geologic and gross gamma ray log 
data obtained during installation of boreholes at WMA A-AX.  Figure 2.4 shows the locations of 
boreholes in the vicinity of WMA A-AX that were used in this study.  The quality of data obtained from 
the boreholes varies and is a function of when the boreholes were drilled, drilling methods, and purposes 
of the boreholes.  Table 2.4 summarizes pertinent information about the boreholes used for this study. 
 
 The boreholes were chosen for one of three reasons:  1) they are recently constructed RCRA wells 
and therefore have more complete and accurate subsurface information then many older wells, 2) they 
have relatively detailed driller’s logs and associated information such as gamma ray logs, and 3) they 
have information of a lesser quality but are in critical locations.  Most, but not all, of the boreholes used 
by Caggiano and Goodwin (1991) are include in Table 2.4. 
 
 Geologic interpretations were made by comparing the well-site geologist’s logs to selected, archived 
samples at the Hanford Geotechnical Sample Library.  The geological interpretations were then modified 
and refined if necessary based on the archived samples.  This was particularly important where only incom-
plete driller’s logs existed.  Gross gamma ray logs and laboratory moisture data were then compared with 
the lithologic logs.  In some cases, the use of gross gamma-ray logs allowed refinement of the data by 
permitting more accurate placement of geologic contacts. 
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Figure 2.4.  Map Showing the Locations of Wells and Cross Sections 
 
2.4.2 Site-Specific Stratigraphy 
 
 The vadose zone beneath WMA A-AX is between 266 ft (81 m) and 295 ft (90 m) thick (Hartman 
1999) and lies mostly within the Hanford formation.  The water table elevation is about 400 ft (122 m) 
and currently lies in conglomerates most likely belonging to the Ringold Formation.  The unconfined 
aquifer beneath WMA A-AX is estimated to be about 89 ft (27 m) thick. 
 
 Plates 1 through 3 show cross-sections adjacent to and through WMA A-AX.  Cross-section locations 
are shown in Figure 2.4.  Cross-section A-A’ illustrates the geology east of the WMA.  Cross-
section B-B’ illustrates the geology through the WMA in a north-south direction.  Cross-section C-C’ 
shows geologic relationships across the WMA in an east-west direction. 

 
 Six lithologic units are recognized in the WMA A-AX area. 
 

• Surficial deposits and backfill 
• Hanford formation - upper gravel sequence 
• Hanford formation - sand sequence 
• Hanford formation - lower gravel sequence 
• Ringold Formation - Unit A 
• Columbia River Basalt Group. 
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Table 2.4.  Sources of Data for Geologic Descriptions 
 

Borehole 

Elevation 
(meters above 

sea level)(a) 
Drill 
Date 

Drill 
Depth 

(m bgs)(a,b) Sample Method 
Sources of Information 

Used in This Report 

299-E24-13 210.5 1969 103.6 Hard tool As-built diagram 
Driller’s log 
Re-log of selected 
existing samples 

299-E-24-19 210.6 1989 92.4 Drive barrel (0 to 87 m), 
Hard tool (87 to 93 m) 

Well completion report 
Geologist’s log 
Gross gamma-ray log(c) 

Lab moisture data 
299-E24-20 209 1991 92.6 Drive barrel (0 to 98 m) 

Hard tool (89 to 92.6 m) 
Well construction report  
Geologist’s log 
Gross gamma-ray log(c) 

Lab moisture data 

299-E25-02 205.3 1954 114.3 Hard tool As built diagram 
Driller’s log 
Re-log of selected 
existing samples 
Gross gamma-ray log(d) 

299-E25-13 207.9 1963 96.6 Drive barrel (0 to 22.8 m; 
24.4 to 79.2 m) 
Hard tool (22.8 to 24.4 m; 
79.2 to 96.6 m) 

As-built diagram 
Driller’s log 
Re-log of selected 
existing samples 

299-E25-15 210.1 1969 103.6 Hard tool (0 to 28.9 m; 
38.7 to 103.6 m) 
Drive barrel (28.9 to 
38.7 m) 

As-built diagram 
Driller’s log 

299-E25-40 202 1989 83.5 Drive barrel Well completion report 
Geologist’s log 
Re-log of some existing 
samples 
Gross gamma-ray log(c) 
Lab moisture data 

299-E25-41 203.6 1989 85 Drive barrel (0 to 68.6 m) 
Hard tool (68.6 to 85 m) 

Well completion report 
Geologist’s log 
Re-log of some existing 
samples 
Gross gamma-ray log(c) 
Lab moisture data 
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Table 2.4.  (contd) 
 

Borehole 

Elevation 
(meters above 

sea level)(a) 
Drill 
Date 

Drill 
Depth 

(m bgs)(a,b) Sample Method 
Sources of Information 

Used in This Report 

299-E25-42 207 1991 89.8 Drive barrel (0 to 82.3 m) 
Hard tool (82.3 to 89.8 m) 

As-built diagram 
Geologist’s log 
Gross gamma-ray log(c) 
Lab moisture data 

299-E25-46 210.8 1992 94.6 Drive barrel Well construction report  
Survey data report  
Geologist’s log 
Gross gamma-ray log(c) 
Lab moisture data  

299-E26-06 196.5 (relative 
to top of 
casing) 

1960 88.4 (below 
top of 
casing) 

Hard tool As-built diagram 
Driller’s log 
Re-log of some existing 
samples 

299-E27-02 203.1 1948 95.1 Hard tool  As-built diagram 
Driller’s log 

(a) Relative to brass cap unless otherwise noted. 
(b) Bgs = below ground surface. 
(c) Log obtained during well construction. 
(d) Log obtained after installation of an annular grout seal. 

 
 The Elephant Mountain Member of the Saddle Mountains Basalt, Columbia River Basalt Group is 
the basement rock beneath the WMA.  The Elephant Mountain Member is medium to fine-grained 
tholeiitic basalt with abundant microphenocrysts of plagioclase (DOE 1988).  The Elephant Mountain 
Member has been dated by the K/Ar method at 10.5 Ma (McKee et al. 1977) and consists of two flows 
beneath the 200 East Area.  In the WMA A-AX area the Elephant Mountain Member was penetrated only 
in one borehole (well 299-E25-2) where it is 375 ft (94.5 m) below ground surface (bgs). 
 
 Overlying the Columbia River Basalt are the Ringold Formation Unit A gravels.  These gravels are 
equivalent to the Ringold Unit A of Lindsey (1992) and Jones et al. (1998), to the middle Ringold of Price 
and Fecht (1976a, 1976b), and to Pliocene-Miocene continental conglomerates of Reidel and Fecht 
(1994).  Caggiano and Goodwin (1991) state that Tallman et al. (1979) place the boundary of the middle 
Ringold and the Hanford formation within this sequence.  But it is not clear whether this sequence is part 
of the middle Ringold.  Although this report interprets the sequence of sediment overlying the basalt as 
Ringold Unit A gravels, it is possible that the gravels have been reworked either by the Columbia River 
during pre-Pleistocene time or by Pleistocene cataclysmic floods.  Evidence for reworked Ringold gravels 
is found in the east and southeast portions of the 200 East Area.  The Ringold Formation has been 
completely removed from the northern portion of the 200 East Area by subsequent Pleistocene flooding.  
Whether this gravel sequence is Ringold or Hanford sediment has important implications for the 
permeability and flow rate of groundwater in the unconfined aquifer.  Overall, Hanford formation gravels 
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are significantly (10 to 100 times) more permeable than gravel sequences in the Ringold Formation.  The 
differences are attributed mainly to the higher degree of matrix cementation and induration common in 
the Ringold sediments (Wurstner et al. 1995). 
 
 The Ringold Formation Unit A is described on borehole logs of cuttings and samples as gravel, sandy 
gravel, and slightly sandy gravel to muddy sandy gravel.  The gravels are generally poorly sorted, sub-
angular to rounded, poorly sorted, and consist of pebbles and cobbles in a sand and silt matrix.  They 
range in composition from about 80% basaltic to as little as 20% basaltic.  The Ringold Formation Unit A 
is generally non-calcareous in the area but does contain minor cementation in a few boreholes.  Cementa-
tion occurs as 1 to 3 mm size aggregates of sand grains.  The bottom of the Ringold Unit A was pene-
trated only in well 299-E25-2 where it is 109 ft (33 m) thick. 
 
 Based on observations of outcrop and intact core, the Ringold Formation Unit A fluvial gravels 
consist of clast- and matrix-supported, pebble to cobble conglomerate with a fine to coarse sand matrix 
and interbedded fine to coarse sand and silt lenses (Lindsey 1996).  Cementing ranges from absent to well 
developed.  Cemented Ringold Formation conglomerates are discontinuous zones of variable thickness.  
The conglomerates exhibit massive, planer, and cross-bedding.  Clast imbrication is also common 
(Lindsey 1996). 
 
 Intercalated in the Ringold Unit A conglomerates are laterally discontinuous, fine- to coarse-grained, 
cross-bedded sands.  Also interbedded in the conglomerates are thin, variably colored silty deposits, 
typically with disrupted bedding (Lindsey 1996).  The Ringold Formation Unit A is interpreted to repre-
sent fluvial gravels and sands that were rapidly deposited from bed-load in shallow channels across a 
gravelly floodplain. 
 
 A fine-grained sequence overlies the Ringold Formation Unit A gravels in all but one borehole in the 
WMA A-AX area and, although the sequence is thin, it is one of the most prominent units in the area.  
The fine-grained sequence is described on borehole logs of cuttings and samples from the WMA A-AX 
area as silt to sandy silt with lesser amounts of slightly gravelly sandy silt.  Some gross gamma-ray logs 
show a distinct increase in activity in the upper portion of the sequence.  Available moisture data 
(Plates 1, 2, and 3) show the Ringold fine-grained sequence has higher moisture content than the adjacent 
sediments.  No perched water was noted on top of the sequence (Caggiano and Goodwin 1991), but the 
water table was higher in the past.  Thus, the current high moisture content may be a remnant of a higher 
water table.  The fine-grained sequence ranges from about 4 to 15 ft (1.2 to 4.6 m) in thickness beneath 
WMA A-AX (Table 2.5).  It is thickest northwest of the 241-AX Tank Farm and thins to the southeast 
where it is absent at borehole 299-E25-42.  It is present further south at borehole 299-E25-48 at the 
241-AP Tank Farm.  Further northwest, it is absent in most boreholes at 241-C Tank Farm. 
 
 The fine-grained sequence has been considered to be the Ringold Formation Lower Mud Unit by 
some past workers (Lindsey et al. 1992; Lindsey and Reynolds 1998).  This report considers the fine-
grained unit to be one of the interbedded fluvial and overbank sands and silts found locally in the middle 
part of the Ringold Unit A (Lindsey 1992).  This interpretation is consistent with the removal of the 
Ringold Formation Unit E and Lower Mud Unit by Pleistocene floods.  The Ringold Unit E and Lower 
Mud Unit are absent throughout the northern part and much of the central part of the 200 East Area. 
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Table 2.5.  Data Used to Construct Cross Sections and Structure Contour Maps 
 

Borehole 

Surface 
Elevation 

(ft) 

Total 
Depth 

(ft) 

Thickness 
of the 

Hanford 
Formation 

Upper 
Gravel 

Sequence 
(ft) 

Elevation 
of Top 
of the 

Hanford 
Sand 

Sequence 
(ft) 

Thickness 
of Hanford 
Formation 

Sand 
Sequence 

(ft) 

Elevation 
of Top 
of the 

Hanford 
Formation 

Lower 
Gravel 

Sequence 
(ft) 

Thickness 
of the 

Hanford 
Formation 

Lower 
Gravel 

Sequence 
(ft)  

Elevation of 
the Top of 
the Ringold 
Formation 

(ft) 

Thickness 
of the 

Ringold 
Formation 

(ft) 

Thickness 
of the 

Ringold 
Formation 

Fine 
Grained 
Sequence 

(ft) 

Elevation 
of the 
Top of 
Basalt 

(ft) 

299-E24-13 690.8 340 120 571 150 NP  421 TD 17  
299-E24-19 690.84 303 125 566 152 NP  414 TD 8  
299-E24-20 685.85 304 100 586 175 NP  411 TD 5  
299-E25-2 673.5 375 122 552 83 469 50 419 109 13 310 
299-E25-13 682.12 317 75 607 180 NP  427 TD 20  
299-E25-15 689.3 340      414 TD 5  
299-E25-40 663 274 100 563 95 468 60 408 TD 2  
299-E25-41 668 279 100 568 93 475 60 415 TD 14  
299-E25-42 679 295 80 599 140 459 TD     
299-E25-46 691.79 310 70 622 203 NP  419 TD 5  
299-E26-6 645 290 NP 645 180 465 63 402 TD 4  
299-E27-2 666.3 312 20 646 255 NP  411 TD 15  
TD = The wells ends within the sequence. 
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Alternatively, the fine-grained sequence may represent post-Ringold and pre-Hanford formation fluvial 
sediments from the Columbia River system or may be part of the transitional sand and silt dominated 
facies of the Hanford formation. 
 
 A structure contour map on the top of the Ringold Formation is shown in Figure 2.5.  The figure 
shows a gentle dome with about 25 ft (7.6-m) of relief centered between 214-A and 241-AX Tank Farms.  
Data used to construct this and the following structure contour maps are provided in Table 2.5. 
 
 The Hanford formation lower gravel sequence overlies the Ringold Formation Unit A.  This sequence 
is equivalent to the lower gravel sequence of the Hanford formation of Lindsey et al. (1992), to the 
Hanford formation H3 sequence of Lindsey et al. (1994), and to the outburst flood deposits (Qfg) of 
Reidel and Fecht (1994). 
 

 
 

Figure 2.5.  Structure Contour Map of the Top of the Ringold Formation (shaded outline denotes 
 A-AX Tank Farm boundaries) 
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 The Hanford formation lower gravel sequence is described on borehole logs of cuttings and samples 
from the WMA A-AX area as a gravelly sand with some gravel and sandy gravel.  The gravels are poorly 
sorted, subrounded to subangular and have basalt contents up to about 80%.  Individual beds are from 
about 5 to 45 ft (1.5 to 14 m) thick and appear to form gradational contacts with overlying and underlying 
beds.  Silt beds and calcareous zones are not as common in the lower gravel sequence as they are in the 
overlying sediments. 
 
 Based on observations of outcrop and intact core, the lower gravel sequence is interpreted to be the 
high-energy, gravel-dominated facies of the Hanford formation.  This facies is typically open framework 
or matrix supported framework, pebble to boulder gravel with massive bedding, plane to low-angle 
bedding, and cross-bedding.  Lenticular and discontinuous units of sand-dominated facies are interbedded 
with gravel-dominated facies.  The Hanford formation gravel sequence was deposited by high-energy, 
cataclysmic, Pleistocene floods. 
 
 The Hanford lower gravel sequence is present only in boreholes 299-E25-2, -40, -41, and -42 in the 
extreme eastern part of the area.  The top is chosen as the bottom of the lowermost sand or slightly 
gravelly sand that is at least 70 ft (21 m) thick.  In some boreholes, the top of the gravel sequence coin-
cides with a subtle decrease in activity on the gross gamma-ray logs at the contact with the overlying 
Hanford sand sequence. 
 
 The Hanford formation sand sequence overlies the lower gravel sequence.  This sequence is equiva-
lent to the sandy sequence of the Hanford formation of Lindsey (1992), to the Hanford formation H2 
sequence of Lindsey et al. (1994), and to the outburst flood deposits of silts and sand described by Reidel 
and Fecht (1994).  The Hanford formation sand sequence is described on borehole logs of cuttings from 
the WMA A-AX area as silty sand, sand, and slightly gravelly sand.  Individual beds 30 ft (≥9 m) thick 
are common and grade into overlying and underlying beds within the sand sequence.  The sandy beds are 
commonly referred to as “salt and pepper” sands and range from 30% basaltic and 70% felsic to 70% 
basaltic and 30% felsic in composition.  Calcium carbonate occurs in the Hanford sand sequence as 
poorly developed cemented zones and nodules.  The amount of calcium carbonate is small and usually 
less than 1 wt. %. 
 
 Silt lenses and thinly interbedded zones of silt and sand, which are calcareous in places, are common 
but are not abundant in the Hanford sand sequence.  These finer grained zones cannot be correlated 
among boreholes and, with some exceptions, are not reflected in the gross gamma ray logs or moisture 
data.  This is probably because moisture samples are normally collected every 5 ft (1.5 m) during drilling, 
and this interval is too large to sample most thin zones.  The fine structure observed in some older gross 
gamma-ray logs may reflect changes in the silt content that were not detected during drilling. 
 
 The Hanford formation sand sequence consists of sand-dominated facies intercala ted with beds of the 
silt-dominated and gravel-dominated facies.  The Hanford sand sequence is present in all boreholes at the 
WMA A-AX.  Except in borehole 299-E24-20, the top of the Hanford sand sequence is picked at the 
bottom of the lowest sandy gravel or gravelly sand that overlies a minimum of 20 to 25 ft (6 to 8 m) of 
sand or slightly gravelly sand (see cross-sections in Plates 1 through 3).  In borehole 299-E24-20, the top 
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of the sand sequence was chosen at a small but distinct change in the gross gamma-ray log that correlated 
with a similar change in the gross gamma-ray log at the top of the sand sequence in adjacent borehole 
299-E24-19. 
 
 A structure contour map of the top of the Hanford sand sequence is shown in Figure 2.6.  The map 
shows about 50 ft (15 m) of relief on the surface of the sand sequence beneath WMA A-AX.  The 
Hanford formation sand sequence thickens from about 90 ft (27 m) in the east to greater than 200 ft 
(61 m) in the west at WMA A-AX. 
 
 The Hanford formation upper gravel sequence overlies the Hanford sand sequence.  This sequence is 
equivalent to the upper gravel sequence of the Hanford formation of Lindsey (1992), to the Hanford for-
mation H1 sequence of Lindsey et al. (1994), and to the outburst flood deposits-gravels (Qfg) of Reidel 
and Fecht (1994).  The upper gravel sequence is described on borehole logs of cuttings and samples from 
the WMA A-AX area as predominantly interbedded sands, gravelly sands, and sandy gravels.  Individual 
beds are up to about 50 ft (15 m) thick.  Thin silt lenses up to 4 in. (10 cm) thick are common but not 
abundant.  The silt lenses can not be correlated among boreholes due to the coarse 5-foot sampling 

 

 
 
Figure 2.6.  Structure Contour Map of the Top of the Hanford Formation Sand Sequence (shaded outline 

 denotes A-AX Tank Farm boundaries) 
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interval and the lack of high quality resistivity logs.  Also, the silt lenses are not reflected in the available 
moisture data, which were obtained from grab samples every 5 ft (1.5 m).  Calcareous zones occur in the 
upper gravel sequence and are recognized by reaction with hydrochloric acid and not by discrete 
calcareous particles or cement.  Like the silt lenses, the calcareous zones cannot be correlated between 
boreholes. 
 
 Based on observations of outcrop and intact core samples, the Hanford formation upper gravel 
sequence is interpreted as high-energy, gravel-dominated facies interbedded with lenticular and 
discontinuous sand-dominated facies.  Plates 1 through 3 show that the maximum thickness of the 
Hanford upper gravel sequence beneath WMA A-AX is about 127 ft (39 m) in borehole 299-E24-19.  The 
sequence appears to thin to the north where it is only 20 ft (6 m) thick in borehole 299-E27-2 and is 
absent in borehole 299-E26-6 where it was either never deposited, was subsequently eroded, or the 
depositional environment changed such that the equivalent sediment is finer grained. 
 
 Within the single-shell tank farms, the upper 55-ft (17-m) of material is backfill consisting predomi-
nantly of pebbles and very coarse to coarse sand of the Hanford formation upper gravel sequence that was 
excavated in preparation for tank construction.  The excavated material was subsequently used as backfill 
around the tanks.  Outside the tank farms in undisturbed areas, the upper gravel sequence is overlain by a 
variable thickness from 0 to ~15 ft (~5 m) of Holocene eolian sediment. 
 
2.4.3 Aquifer Properties 
 
 This section provides information on the current nature of the unconfined uppermost aquifer in the 
immediate region of WMA A-AX.  Aquifer properties were determined from the stratigraphic interpre-
tations, current water elevations, previous aquifer tests, and from the regional groundwater table provided 
in Hartman (1999). 
 
 The water table lies in basal gravels currently interpreted as Ringold Formation Unit A.  As explained 
in Section 2.4.2, there is some ambiguity as to the location of the Hanford/Ringold contact in this area 
with respect to the water table.  The aquifer thickness, based on data from well 299-E25-2 (see 
Figure 2.4), which extends to basalt, is approximately 89 ft (27.1 m).  The lithology within the aquifer is 
dominantly a sandy gravel ranging from cobble to boulder-sized clasts.  There is no evidence of 
cementing, and consequently, permeability should be high and relatively homogeneous within the aquifer. 
 
 The groundwater project recently switched the datum to which water levels are referenced (Hartman 
1999).  In the past, water levels were referenced to the NGVD29 datum.  The NGVD29 datum was 
chosen originally because the bulk of the wells used on site could be referenced not only to this datum but 
to a specific survey called NGVD29-2.  For areas the size of a WMA, there is no effect from switching to 
the NAVD88 datum.  However with the datum change, there was also a switch in surveys.  Many wells 
are now referenced to one of two surveys, with elevations referenced to NAVD88, both more recent 
surveys than NGVD29-2. 
 
 The water table is extremely flat across the 200 East Area, and in areas with flat water tables the 
choice of surveys may actually affect the relative position of the water elevation in a well with respect to 
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other network wells.  Since water elevations are the only data set used at the DOE Hanford Site to 
determine flow direction, a switch in the relative water elevations of wells used to determine direction 
could affect the interpretation of the flow direction. 
 
 For example, Figure 2.7 shows the hydrographs for four RCRA network wells and one older well 
299-E25-2, that are currently used to monitor the water table at WMA A-AX referenced to NGVD29-2.  
Spurious data were removed.  Figure 2.8a shows the same ‘depth to water’ data as Figure 2.7 but refer-
enced to NAVD88 except for well 299-E24-20.  For this well, the NAVD88 reference elevation was 
calculated from the original NGVD29-2 elevation. 
 
 Except for well 299-E25-46, the wells appear to be almost unaffected by switching surveys, demon-
strating repeatability of the elevation values.  The reference elevations from these wells, therefore, are 
probably reliable.  Although the absolute difference is small, the relative position of the water table in 
well 299-E25-46 switches from being high in Figure 2.7 to being lower with respect to the other wells in 
Figure 2.8a.  This difference is enough to demonstrate some degree of nonrepeatability.  Because of this 
ambiguity in relative position, water elevations from this well were not used to determine flow direction.  
The hydrograph in Figure 2.7 is using a survey conducted in the early 1990s, whereas the hydrograph in 
Figure 2.8 uses a survey from the late 1990s. 
 
 A hydrograph of the remaining four wells gives a consistent picture of relative water elevations 
between the four wells over time (Figure 2.8b).  The flow direction appears to be almost due east to just 
north of east.  Based on this hydrograph, well 299-E24-20 is the upgradient well, while well 299-E25-40 
is the downgradient well.  The water levels in wells 299-E25-2 and 299-E25-41 are nearly at the same 
elevation.  This scenario results in a generally eastward flow direction across the site. 
 
 Another well, 299 E24-19, was eliminated from the analysis because results from this well form a 
slight trough between E24-20 and E25-46.  The water elevations in this well are low regardless of which 
survey is used, which has confused interpretation of the flow direction in the past.  Based on recent 
findings with vertical borehole deviations, this well may be slightly out of plumb, explaining the 
abnormal trough.  Consequently this well was eliminated from the network for flow direction deter-
minations until gyroscope corrections are available. 
 
 Unfortunately, the original groundwater monitoring network, which is still in use today, was designed 
for a narrowly focused southwest flow direction.  The consequences of having an east flow direction on 
the RCRA network compliance is discussed more fully in Section 4.3.  However, as can be seen from 
Figure 1.2, the current monitoring wells are not placed to provide adequate upgradient/downgradient 
coverage for this WMA for an easterly flow direction.  Well 299-E25-40 is too far north to provide much 
coverage, which leaves well 299-E25-41 as the only functional downgradient well. 
 
 The rate of groundwater flow is calculated for a homogeneous, isotropic aquifer using the Darcy 
equation (Hartman 1999) incorporating an effective hydraulic conductivity, the gradient across the site 
and the porosity of the sediments in the aquifer.  Currently, there is a discrepancy in reported hydraulic 
conductivity values for the area.  Values are estimated between 24 and 110 ft (7.3 and 33.5 m) per day 
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based on slug injection/withdrawal tests.  Higher values of 6,500 ft (1,981 m) per day are reported based 
on pumping tests for the area (Newcomer et al. 1990; Connelly et al. 1992).  In the FY 1992 
hydrogeologic model for the 200 East Area, values of 6,200 to 6,500 ft (1,889.8 to 1,982 m) per day are 
reported at WMA A-AX (Connelly et al. 1992).  Trent (1992) reports conductivities that range from 
8,264 ft (2,518.9 m) per day to 6,500 ft (1,982 m) per day for wells in the immediate area of WMA A-
AX.  Finally, Hartman (1999) reported hydraulic conductivities that range from 33,000 ft (10,000 m) per 
day to 9,843 ft (3,000 m) per day for Hanford sediments.  The low results from slugs tests are likely 
inherent in the method.  The test has a limited areal extent (i.e., interrogates a low volume), applies a 
limited stress to the aquifer and is valid over a limited range of conductivities (Thorne and Newcomer 
1992). 
 
 Porosity is generally estimated to be about 30% for unconsolidated, coarse grained sediments at the 
DOE Hanford Site (Hartman 1999).  Because it has not been possible to collect intact core from the 
aquifer during past drilling, direct methods of determining porosity have not been used.  The lack of 
direct measurements combined with the cobble to boulder grain size of the aquifer, 30% may be an 
underestimated. 
 
 Using NAVD88-1, water elevations across WMA A-AX vary from 402.9 to 403.1 ft (122.80 to 
122.86 m) or 2.4 in. (6.1 cm).  The local gradient between well 299-E25-41 and 299-E24-20 is 0.000078 
based on March 1999 water levels.  Based on hydraulic conductivity values from pumping tests, the effec-
tive flow rate at WMA A-AX is estimated to be between 2.2 and 2.6 ft (0.67 to 0.79 m) per day.  This 
equates to 803 to 949 ft (245 to 289 m) of groundwater movement per year.  However, the Hanford 
formation is known to contain coarse gravel channels and other sedimentary features that may produce 
preferential groundwater flow paths.  Consequently, a flow velocity of 2.6 ft (0.79 m) per day may be low 
if such preferred flow zones are identified. 
 
 Currently for RCRA network wells, screened intervals within the aquifer range from 7.2 to 14.8 ft 
(2.2 to 4.5 m) thick.  The rate of water table decline has increased from ~1.0 ft (~30 cm) per year during 
the period of mid-1996 through 1997, to ~1.7 ft (~51 cm) per year from mid-1998 to March 1999.  If this 
current rate continues, three of the RCRA compliant wells at WMA A-AX with less than 10 ft (3 m) of 
water may become unusable in less than six years. 
 
 At present, the flow direction and rate at WMA A-AX is poorly understood.  This may be due, in part, 
to the artificial recharge of the aquifer, which occurred during the last 50 years when waste effluent was 
discharged to the subsurface.  Since 1995 when most liquid discharges to the ground ceased, the water 
table has dropped to near pre-Hanford levels.  The original local flow direction was likely in the direction 
of the Columbia River, easterly to southeasterly.  The combination of an exceptionally flat water table, 
decreasing water levels and changing local flow directions complicates groundwater monitoring at 
WMA A-AX. 
 

2.5 Groundwater Chemistry 
 
 This section provides historic information on the results of RCRA groundwater monitoring at WMA 
A-AX.  Routine interim detection groundwater sampling began at WMA A-AX in FY 1992.  There have 
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been no exceedences of indicator parameters at this site during this time.  Conductivity values generally 
range from 220 to 300 µmhos/cm, reflecting changes in sulfate, nitrate and chloride concentrations.  
Calcium and sodium are the principal balancing cations.  The critical mean for conductivity is 
534.9 µmhos/cm.  During FY 1998, problems with faulty probes and calibration standards produced 
aberrant field conductivity results.  Although these problems have been remedied, some of the conduc-
tivity data collected in FY 1998 and FY 1999 is questionable.  Consequently, sulfate and nitrate were 
monitored closely. 
 
 The DWS of 1 pCi/L is exceeded for 129I in all monitoring wells at WMA A-AX.  This WMA lies 
within a large regional 129I plume that extends to the southeast.  The source is apparently associated with 
the PUREX cribs (Hartman 1999), and is probably unrelated to WMA A-AX since the estimated 
inventory for 129I is relatively low. 
 
 Trends plots for nitrate, sulfate and 99Tc, comparing contaminant levels between the five RCRA 
groundwater monitoring wells, are shown in Figure 2.9.  Unlike WMA B-BX-BY, where the anion 
chemistry is dominated by nitrate, conductivity changes at WMA A-AX are attributed to changes in 
sulfate concentration.  For most of the wells, sulfate values range from 23,000 to 30,000 µg/L, which is 
close to the Hanford Site background values reported in Johnson (1993) (about 14,000 to 60,000 µg/L).  
Nitrate values range from about 4,000 to 8,000 µg/L, which falls within the ranges of background values 
of 3,200 to 12,000 µgL for the Hanford Site (Johnson 1993).  The DWSs for nitrate and sulfate are 
45,000 µg/L and 250,000 µg/L respectively. 
 
 Sulfate concentrations above background values are found in two wells, 299-E25-40 and 299-E25-41, 
where values reach about 70,000 µg/L.  Historically, these wells were listed as upgradient for WMA A-AX 
indicating that the sulfate plume would be moving in from the northeast.  But as shown in Section 2.4, the 
current groundwater flow direction may be toward the east.  These two wells are then downgradient of the 
WMA, not upgradient.  Regardless of the flow direction, sulfate concentrations in these wells are well 
below the DWS of 250,000 µg/L. 
 
 Nitrate concentration in well 299-E24-20 is about 37,628 µg/L, which is above the maximum back-
ground value of 12,000 µg/L (Figure 2.10).  This well is located south of the 244-AR Vault upgradient of 
the 241-A Tank Farm.  Nitrate values rose from 6100 µg/L in February 1996 to 37,628 µg/L in February 
1998.  Although there is no elevated 99Tc associated with this increase in nitrate, there is a distinct corre-
lation with tritium.  Tritium values rose from 4,180 pCi/L in February 1996 to about 7,200 pCi/L in 
February 1998.  Tritium values at the WMA range from 2,800 to 4,000 pCi/L.  The DWS for tritium and 
nitrate are 20,000 pCi/L and 45,000 µg/L, respectively.  This WMA is located regionally in an area with 
little to no anion or tritium contamination, although tritium was reported at 6,800 pCi/L to the west at the 
216-A-9 crib. 
 
 The most prevalent groundwater contamination issue at WMA A-AX is elevated chromium, nickel, 
and manganese observed in well 299-E24-19 (Figure 2.11).  Chromium has sporadically been in 
exceedence of the 100 µg/L DWS since FY 1991.  Values range from 140 µg/L in early FY 1994 to 
2,820 µg/L in October 1998.  The concentration dropped to 707 µg/L in December 1998.  Nickel and 
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Figure 2.9.  Trend Plots of Nitrate, Sulfate, and Technetium-99 for WMA A-AX 
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Figure 2.10. Trend Plots for Nitrate and Tritium for Well 299-E24-20 Located South of the 
 244-AR Vault and West of the 241-A Tank Farm 
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Figure 2.11. Trend Plots for Filtered Chromium, Nickel, Manganese, and Iron for Well 299-E24-19.  
These data are from filtered samples. 
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manganese are also in exceedence of the 100 µg/L and 50 µg/L DWSs, respectively.  In October 1998, 
the maximum concentrations of 883 µg/L for nickel and 141 µg/L for manganese were observed.  
Historically, iron only slightly correlates with chromium except for the recent October 1998 maximum. 
 
 Nitrate concentrations in well 299-E24-19 also increased in October 1998 from 3,320 µg/L to 
7,171 µg/L.  This is the first occurrence of any nonmetal constituents correlating with changes in chrom-
ium in this well.  Because there are no other correlations with other constituents at this well except the 
metals, nickel, and manganese, and no other local occurrences of chromium have been documented in 
other wells, the elevated metals are, most likely, due to corrosion of the screen.  However, a camera 
survey is planned to ascertain the condition of the screen.  Also, if the screen and/or casing is the source 
of the metals, the first water from the well should have a greater concentration of metals, and concen-
tration should decrease as the well is pumped.  Further sampling is required to address the significance of 
the slightly elevated nitrate. 
 
 The only other contaminant issue of concern at WMA A-AX is the elevated 99Tc observed in 
well 299-E25-46 during FY 1997 (Figure 2.9).  Technetium-99 concentrations rose from 111 pCi/L in 
August 1996 to 374 pCi/L in August 1997.  Values fell to 112 pCi/L by December 1997.  The December 
1998 value is 36 pCi/L (Figure 2.12).  These concentrations are below the DWS of 900 pCi/L.  The gross 
beta value for the same dates shows a corresponding increase. 
 
 It appears that 99Tc has been increasing in well 299-E25-46 since 1994.  This increase in 99Tc 
concentrations correlates with a rise in nitrate values during the same time period.  The correlation was 
not noticed until late 1997 because of the different sampling frequencies for 99Tc, (semi-annual) and 
nitrate, (annua l).  Also, with the coarse temporal sampling, the timing of the true maximum concentra-
tions of either constituent is not defined.  Corresponding increases observed for sulfate (Figure 2.9) over 
the same time interval, provide further corroboration that the 99Tc peak is a true departure accompanied 
by co-contaminants. 
 
 Based on the FY 1997 events observed at WMA B-BX-BY, where 99Tc concentrations rose from 
values in the 100’s of pCi/L to 12,000 pCi/L in less than 4 months, it was decided to temporarily increase 
the monitoring frequency at WMA A-AX (Narbutovskih 1998).  However, it appears that contaminant 
levels have returned to stable concentrations, and the site was placed back on semi-annually monitoring in 
early FY 1999. 
 
 The background information provided in this section is used to identify monitoring goals specific to 
WMA A-AX.  An understanding of the operational history of the tank farms and surrounding facilities 
along with the subsurface geology and historic groundwater chemistry is used to construct the conceptual 
model for this WMA, presented in the next section. 
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Figure 2.12. Trend Plots for Well 299-E35-46 Comparing the FY 1997 Data for 
 Technetium-99 and Nitrate 
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3.0 Conceptual Model 
 
 
 The purpose of the conceptual model is to explore the complexity and spatial/temporal relationships 
of three important parameters:  the contamination source, the driving force, and the migration pathway.  
Determinations of contaminant sources are facilitated by use of a conceptual model that integrates these 
three parameters.  Such a qualitative model can also be used to guide monitoring network design.  The 
model presented here includes the general waste chemistry, the tank farm settings, and the hydrogeology 
of the unconfined aquifer.  In addition, the residual contaminant plumes along with the vadose zone 
migration pathway are qualitatively depicted.  Pertinent aspects are discussed below. 
 

3.1 Contaminant Sources 
 
 A graphical summary of the physical characteristics and mechanisms that could potentially affect the 
generation and transport of contamination at Waste Management Area (WMA) A-AX to the groundwater 
is presented in Figure 3.1.  Various possible contamination sources are shown.  The red represents liquid 
waste at the time of an initial leak occurring from a tank, a waste transfer line, or a surface spill.  The 
color shading, from red to orange to yellow, depicts contaminant migration since the initial leak to the 
present plume location in the vadose zone.  The color change may represent either a chemical reaction of 
the waste with mineral phases in the soil or adsorption of relatively immobile waste constituents on to the 
soil grains leaving the mobile constituents dissolved in the pore water.  Also shown is the interaction of 
fresh water migrating from the surface, moving the residual waste in the vadose zone plumes to the 
groundwater.  This is shown as blue water interacting with residual yellow waste in the pore water to 
form migrating green waste.  In this case, the residual vadose zone plumes act as distinct and different 
sources of contamination than the waste material in the tanks. 
 
 In the following text, the sources of contamination in and around WMA A-AX and the surrounding 
facilities are discussed as they relate to this general conceptual model.  The schematic depicts possible 
contamination sources in the vicinity of WMA A-AX.  Viable migration pathways are shown that hazard-
ous wastes could take from a source to a monitoring well.  Driving forces are also illustrated as the most 
likely mechanism for carrying tank associated waste constituents through the vadose zone to the 
groundwater. 
 
 Most tanks in WMA A-AX have no appreciable liquid left, and consequently there is little risk that 
new leaks could occur from these tanks.  To reduce the risk of additional leaks from the tanks, an interim 
stabilization program is instituted at the single -shell tank (SST) farms.  The objective is to remove as 
much liquid from the tanks as possible.  As of February 1999, all tanks in WMA A-AX, except tanks 241-
A-101 and 241-AX-101, are listed as interim stabilized.  Interim stabilized means a tank contains less 
than 50,000 gals (189,271 L) of drainable interstitial liquid and less than 5000 gals (18,927 L) of tank 
supernate (Hanlon 1999). 
 
 There are two tanks, however, that do contain significant volumes of liquids, 241-A-101 and 
241-AX-101.  The former has 721,000 gals (2,729,282 L) of drainable liquid while the latter contains  
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Figure 3.1.  Conceptual Model for WMA A-AX.  This schematic depicts possible contamination sources in the vicinity of WMA A-AX.   
 Viable migration pathways are shown that hazardous wastes could take from a source to a monitoring well.  Driving forces  
 are also illustrated as the most likely mechanism for carrying tank associated waste constituents through the vadose zone to  
 the groundwater. 
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558,000 gals (2,112,260 L) (Hanlon 1999).  Although each of these tanks contains at least twice as much 
liquid waste as any other SST on site, both are considered sound tanks.  These tanks will be scheduled for 
liquid removal by either saltwell pumping or sluicing retrieval efforts.  Consequently, unless either 241-
A-101 or 241-AX-101 tank leaks, tank waste contamination in the groundwater should be related to either 
remobilization of residual vadose zone plumes or leaks associated with liquid waste transfers. 
 
Tank Leaks  
 
 Some leaks at WMA A-AX appear to be related to tank construction.  Apparently, these tanks leaked 
from failed welding joints at the heel of the tanks.  Unlike the earlier 100-series tanks, which have 
rounded steel reinforcing “knuckles” connecting the tank wall to a dished base, the tanks at WMA A-AX 
have flat bottoms forming right angles at the welded heel joint.  The concentration of stresses at the heel 
when the tanks were loaded and heated caused failure of the joints.  Plutonium-Uranium Extraction 
(PUREX) waste was discharged to the tanks as alkaline slurries with a pH of 9 or higher.  Another site 
problem was corrosion at the liquid level of the waste residing in the tank.  Other regions of failures are 
the joints where the intake/outtake lines or cascade lines were attached (Caggiano 1991).  The effects of 
the various leak types are illustrated in Figure 3.1. 
 
 Of the 10 tanks located within the two farms, half are confirmed or assumed leakers (Hanlon 1999).  
A maximum leak volume of 296,000 gals (1,120,482 L) is reported for the WMA A-AX tanks.  Small 
leaks (500 to 8,000 gals [1,893 10 30,283 L] ) have been reported for four of the tanks with most of the 
waste volume leaked to the soil from 241-A-105 (10,000 to 277,000 gals [37,854 to 1,048,559 L] ).  
These volumes do not include leaks from transfer lines or other ancillary equipment.  Surface spills and 
overflow amounts are also excluded.  Consequently, reported leak volumes must be considered a mini-
mum of the total tank-related liquid released within the tank farm boundaries. 
 
 An 8-ft bulge (2.4 m) developed in the bottom of tank 241-A-105 prior to rupture as a result of the 
1965 steam explosion (Westinghouse Hanford Company [WHC]-MR-0264).  A significant portion of the 
leaked waste from this tank may have been cooling water added to prevent further tank deterioration.  
Interpretation of gross gamma logs run in surrounding dry wells and laterals beneath the tank after the 
initial steam explosion indicated that gamma-emitting radionuclides migrated into the soils forming low 
activity plumes under the tank.  From the logs, it appeared that at least one leak was located at the heel 
joint of the liner with contaminants penetrating vertically into the soil beyond the 125-ft depth (38 m) of 
the dry wells (Caggiano 1991). 
 
 More recently, results from spectral gamma logs in dry wells near tank 241-A-105 (U.S Department 
of Energy [DOE]/GJ-Han-110 1998) indicate only moderate gamma-ray activity around this tank.  The 
logging report states that 137Cs and 154Eu are detectable to15 ft (4.6 m) in dry wells.  Contamination found 
between 15 and 55 ft (4.6 to 16.8 m) may have been brought in during drilling activities when these wells 
were deepened.  In one dry well located near the northwest side of the tank, 137Cs contamination was 
found between 75 and 85 ft (22.9 and 25.9 m).  This plume is located in the vicinity of anomalous 
radioactivity originally detected in the laterals underneath the 241-A-105 tank.  Other than these isolated 
occurrences, there does not appear to be significant residual gamma-source waste left in the vadose zone 
at this SST farm to act as a source for groundwater contamination. 
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 It should be realized, however, that if the main migration pathways are narrow, vertical, high 
permeability conduits directly beneath the tank, current subsurface characterization techniques may not 
present an accurate image of residual vadose zone plumes.  Logging reports from WMA S-SX indicated 
very little vadose contamination around tank 241-SX-115.  But recent drilling results have revealed the 
highest 99Tc results in groundwater yet reported for the Hanford Site.  The magnitude of the estimated 
inventory lost to the soil column, and the structural history of the tank do not coincide with the logging 
result.  It is unlikely that the logging results are incorrect, but more likely that contaminant migration 
pathways were nearly vertical and thus confined to regions closer to the tank and did not impact the 
immediate area around the drywells. 
 
 Spectral gamma logging was also conducted to map vadose zone plumes at 241-AX Tank Farm 
(DOE/GJO-HAN-12 1997).  The main constituents identified are 137Cs, 60Co, 154Eu, and 125Sb.  These 
radioactive contaminants mark the location of residual tank-related waste.  Results indicated that vadose 
zone plumes are small, isolated occurrences more likely caused by surface spills or pipeline leaks. 
 
 Migration of contamination by infiltrating surface water, however, could transport some of the mobile 
fraction of tank waste to groundwater, as illustrated by the transition from red/yellow to green under the 
catch tank in the conceptual model (Figure 3.1).  Surface water leaks, spills or ponded precipitation that 
encounter residual vadose zone waste in the pore liquids may cause this waste to move rapidly down in 
near-vertical, high permeability channels, spreading the contamination to new regions.  Waste liquid with 
mobile constituents from this scenario would tend to have some lateral movement by capillary forces if 
fine-grained sedimentary layers such as silt-rich zones are encountered.  However, details of the subsur-
face geology discussed in Section 2.4 indicate few discrete silt layers on which lateral spreading could 
occur.  Therefore, it is not expected that lateral migration is as important at WMA A-AX as it may be in 
the 200 West Area. 
 
Non-Tank Sources 
 
 Surface spills of waste liquids have occurred in the SST farms at various times in the past.  The 
existence of concentrated gamma-emitting radionuclides close to the surface in 241-A and -AX Tank 
Farms confirm the presence of shallow vadose zone plumes associated with spills (DOE/GJO-HAN-12 
1997).  The near surface contamination is probably associated with leaks from transfer lines, diversion 
boxes, catch tanks, and vaults.  Given a sufficient driving force, any of these residual plumes could 
become a source for groundwater contamination. 
 
 In addition, there are a series of liquid effluent disposal facilities surrounding the WMA.  Some of 
these facilities are located in Figure 1.2.  The cribs, trenches, and french drains were built to dispose of 
liquid waste directly to the soil column.  Although the bulk of the disposed liquid was condensate and 
condenser cooling water, depleted uranium waste, cell and stack drainage waste, and tributyl phosphate (TBP)-
kerosene organic waste from PUREX were also discharged to the soil column.  The volumes of liquid 
effluent discharged to the various facilities ranged from as little as 1,600 gals (6,057 L) to as much as 
304 Mgal (1,150,765,182 L).  This practice of disposing tank-related wastes directly to the ground has 
resulted in  
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extensive vadose zone and groundwater contamination surrounding the WMA A-AX.  The presence of 
these large vadose zone sources complicates the task of distinguishing present day tank farm sources from 
adjacent past-practice disposal facility sources. 
 
Source Constituents  
 
 Not all of the chemical species in tank waste are mobile.  Depending on the solubility and concen-
tration, some species are more able to leak from a tank and migrate through the subsurface to the ground-
water.  Thus it is important to consider the chemistry and fate of the waste generated at the PUREX plant 
and the B Plant fractionation processes, with regard to both relative concentrations and activities. 
 
 Prior to storage in the tanks, the PUREX high level, acid waste was buffered to form an alkaline 
slurry to minimize corrosion of the carbon steel liners.  Initially wastes at WMA A-AX were primarily 
inorganic consisting of sodium hydroxide, sodium salts of nitrate, nitrite, carbonate, aluminate, 
phosphate, and hydroxides of iron and manganese.  Although much of the carbon and hydrogen from the 
early organic solvents used in the PUREX process vaporized as CO2 and H2, Agnew (1997) reports 
significant concentrations of organics in these tanks in both solid and liquid phases.  The radioactive 
components consists of first order fission products and associated daughter species.  Based on analyses of 
sludge and supernate from 241-A-105 prior to 1965 and accounting for decay of the short-lived elements, 
the primary radioactive components left in the tanks are 90Sr, 137Cs, 60Co, 99Tc, 154Eu, 239, 240Pu, and 241Am 
(Jansen et al. 1965; Anderson 1990).  Agnew, however, shows 90Sr and it daughter product, 90Y , as the 
radioactive species with the greatest activity in most of the tanks at WMA A-AX. 
 
 In general, the mono and divalent metals formed insoluble compounds with the excess hydroxide to 
form the sludges.  Thus, it is unlikely to see metals such as iron, lead, or manganese in the leaked waste.  
Insoluble species such as 239, 240Pu and 241Am, although present at high relative activity levels, would also 
tend to stay in the tanks as solids.  The salt cake in these tanks is formed primarily from the carbonates 
and phosphates.  The liquid phase of the waste is enriched in the anionic complexes such as nitrate, 
sulfate and pertechnetate along with the some of the organic component and tritium.  Sodium and calcium 
are the main cations associated with these anionic phases. 
  
 Once the tank liquor has escaped to the soil, only the gamma-emitting radioactive nuclides can be 
detected with non-invasive logging techniques in the vadose zone.  The mobile hazardous components 
such as nitrates and sulfates along with beta and alpha emitting radionuclides such as 99 Tc cannot be 
identified until concentrations or activities reach detectable limits in the groundwater at a monitoring 
well.  Of the radionuclides identified above, only 137Cs and 154Eu were identified in the vadose zone at 
tank 241-A-105 (DOE/GJ-HAN-110 1998).  Cesium-137, 60Co, 154Eu, and 152Eu have been identified at 
other locations in the vadose zone at the WMA A-AX (DOE/GJ-HAN-108 1998; DOE/GJ-HAN-109 
1998; DOE/GJ-HAN-111 1998). 
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 Although 137Cs and 60Co are in the liquid phase in tank liquors, these species appear to be sorbed 
onto grains in the upper part of the soil column close to the leak point (Serne et al. 1998).  Thus they are 
almost completely removed from the remaining mobile faction of migrating tank waste.  This is shown in 
the conceptual model (Figure 3.1) as the red transitioning to yellow as adsorption occurs. 
 
 Hazardous and radioactive constituents detectable in the groundwater are likely to be those that form 
anionic compounds and are not readily sorbed in passing through the soils of the unsaturated zone.  These 
compounds will move with the moisture front through the soils and can later be remobilized by subse-
quent renewed moisture movement such as migrating fresh water.  Nitrate, sulfate, 99Tc, and tritium are 
the most likely constituents to be detected in the groundwater.  Also, the organic component might be 
detected with analyses for total organic carbon (TOC). 
 
 During past operations, primarily condensate and cooling water were discharged to the liquid effluent 
facilities that surround WMA A-AX (Figure 1.2).  Because those wastes are chemically different than 
tank waste, differentiating the two sources in groundwater might not be as complicated at WMA A-AX as 
it is elsewhere in the 200 East Area.  The chief differences should be high tritium in condensate waste 
versus high levels of 99Tc in tank waste.  Also, many of the tanks at WMA A-AX received organic com-
plexant wastes during the last few years of active service, which are not found in condensate waste.  In 
addition the waste sent back to the WMA A-AX tanks from the B Plant fractionation processes was 
enriched in 90Sr and 137Cs.  Although the 137Cs is unlikely to reach groundwater, the 90Sr may if concen-
trations and driving force are great enough. 
 
 Recent analyses of porewater taken from contaminated soils collected at the 241-SX Tank Farm were 
reported in Myers et al. (1998).  The data shows that nitrate is present above background down to depths 
of 155 feet.  None of the radioactive constituents found at shallower depths (130 ft [39.2 m]) were 
detected at this depth.  Desorption tests on the most contaminated sediments suggest that 137Cs is 
irreversibly adsorbed by soil grains.  Thus once 137Cs is removed from the migrating waste, is unlikely to 
be remobilized by later migrating fluids.  The adsorbed phases may be permanently stored in the soil 
column.  This would suggest that only mobile components left in pore water are capable of remobilization 
due to later driving forces such as infiltrating water. 
 
3.2 Driving Forces 
 
 In general, there are two ways that tank-associated waste can migrate to groundwater.  Either the 
volume of the initial leak must be large enough to reach groundwater through gravity drive and/or 
capillary action, or an external source of water or other liquid must be available to remobilize a residual 
tank-associated vadose zone plume.  Since most tanks in WMA A-AX no longer contain large amounts of 
liquid waste, it is unlikely that a tank could currently leak enough liquid to reach groundwater unassisted.  
However, a leaking waste transfer line during long-term waste removal operations could result in a 
substantial leak.  Another way might be high pressure sluicing of a tank that already has a leak point 
developed.  
 
 Of these two scenarios, the easiest and most likely mechanisms for driving residual vadose zone 
contamination to the groundwater are external water sources.  For example, a two-inch raw water line 
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broke in February 1978 on the east side of 241-A Tank Farm (Caggiano 1991).  Before the line could be 
turned off, 60,000 gals (227,125 L) of water were released to the soil column.  This large volume of water 
caused soil collapse in the center of the farm between tanks 241-A-102 and A-105, even though the 
ruptured line was on the east side of the farm. 
 
 Sources of water in the vicinity of the tanks can be either artificial (man-made) or natural.  Examples 
of man-made water sources include nearby leaking or ruptured water lines, leaking fire hydrants or 
broken valves.  A complex system of water and waste transfer lines exist within the farms to support farm 
operations.  Failure of these pressurized lines, such as the February 1978 event, could result in driving 
tank waste to the groundwater. 
 
 Mobility of escaped waste can be increased as a result of natural recharge such as heavy rainfalls and 
sudden snowmelts.  Johnson and Chou (1998) discuss the extent that rapid snowmelt from recent years 
has contributed to natural driving forces.  The results of a rapid snow melt event in February 1979 are 
documented in Hodges (1998) with photographs showing extensive flooding in the 241-T Tank Farm.  
The effects of these events can be enhanced by gravel surfaces, lack of plant uptake and transpiration, and 
surface depressions that tend to collect and pond run-off and snow melt. 
 

3.3 Migration Pathways 
 
 The water table at WMA A-AX is approximately 290 ft (83.4 m) below the surface.  Consequently, 
much of the migration pathway from the source to the groundwater monitoring well will be in the unsatu-
rated zone.  The nature of liquid migration through this zone is not well understood, but it is highly 
dependent on heterogeneities and anisotropy in the soil permeability.  The bulk of the sediments are high-
energy flood deposits with extreme variability in grain size over vertical and horizontal intervals on the 
order of tens of feet.  Hydraulic conductivity values would be expected to change on at least the same 
scale if not less.  Consequently, delineating migration pathways through a thick sequence of 
unconsolidated sediments is a challenging task. 
 
 In the 200 East area, unsaturated sediments are primarily gravelly coarse-grained sands and sandy 
gravels with a few thin intermittent silt-rich units, there are no low-permeability horizons that would 
cause appreciable lateral spreading of infiltrating liquid under WMA A-AX.  The detailed stratigraphic 
description provided in Section 2.4.2 and in Plates 1, 2, and 3 show a vertical column of predominantly 
coarse sands in the vadose zone.  The slight doming effect seen at the top of the Ringold formation 
appears to be carried through to the contact between the Hanford upper gravel and sand sequences.  These 
subtle structures at changes in lithologies may control local flow directions for migrating liquid.  
However, it is not possible to model or predict specific pathways. 
 
 Studies of aqueous flow in sandboxes suggest that one common pattern of flow through unsaturated 
sediments is in relatively narrow, vertical fingers with some lateral spreading occurring at silty horizons.  
Once saturation of these horizons is reached, vertical flow commences again.  Furthermore, once these 
vertical pathways are established with an initial infiltration event, liquids from later infiltration events will  
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prefer these established channels (Stephens 1997).  The cross-sections portray that the bulk of the sedi-
ments in the vadose zone should promote vertical transport of migrating fluids.  The fine-grained 
sequence at the top of the Ringold may cause some lateral spreading at depth. 
 
 Evidence in support of this type of flow behavior in the 200 East Area comes from direct observation 
of infiltration tests performed at the 200E/105A Mock Tank Site (Narbutovskih et al. 1996).  Electrical 
resistivity tomography was used to track leaking saline water from the surface to a depth of about 70 ft 
(21.3 m).  Results indicate that this type of fingering does occur.  Furthermore, analysis of the infiltration 
rate, the time to reach depth and the total volume of water leaked indicates that a point leak of 0.13 gal-
lons per minute (0.49 L/min) might reach groundwater in a few months (Hartman and Dresel 1997). 
 
 The sandbox studies and the infiltration tests suggest that relatively moderate volumes of liquid 
(~10,000 gals [37,854 L] ) will travel rapidly through the vadose zone in the 200 East Area possibly 
reaching the aquifer in some time period less than a year.  The evidence for this type of migration comes 
from direct observation of laboratory and field infiltration tests and not from modeling studies, which are 
dependent on site knowledge of unsaturated hydraulic properties. 
 
 In several areas of the Hanford Site, clastic dikes exist in the subsurface.  It has been suggested that 
these dikes may provide vertical pathways for rapid liquid migration from the surface to the groundwater.  
The vertical extent that one dike can extend into the subsurface is presently not known.  If clastic dikes do 
exist under the farms, a pathway might exist that allows rapid vertical movement of fluids through at least 
part of the vadose zone.  Other migration pathways that would allow rapid vertical flow are the outer 
annulus of poorly sealed or unsealed drywells within the farm boundaries.  Water may enter from the 
surface to flow downward along the outside of the well casing if the sealant material does not properly 
adjoin the casing.  Contamination in the vadose zone may also enter an annular space via discontinuities 
in the seal column, such as a “bridge” caused by careless emplacement of sealant materials, and then flow 
downward between the flawed seal and well casing.  These wells are used for vadose zone monitoring 
with gamma ray logging tools and extend to depths of approximately 100 to 150 ft (30.4 to 45.7 m) below 
the surface. 
 
 As work progresses on the assessments of SST WMAs, more information may become available 
furthering our understanding of migration pathways through both the vadose zone and the sediments in 
the unconfined aquifer.  Impacts from various driving forces may also become better understood.  This 
conceptual model will be revised as necessary to reflect these new findings. 
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4.0 Detection Monitoring Program 
 
 
 The detection monitoring program employed at Waste Management Area (WMA) A-AX was 
designed to detect the presence of hazardous waste constituents at the point of compliance located along 
the southwest side of the WMA.  The current program is based on the waste inventory in the tanks and on 
our knowledge in the early 1990s of the local hydrogeology.  In order to produce a more accurate 
determination of the groundwater flow direction, the monitoring well network may require a redesign that 
accounts for flow direction other than southwest.  Coverage for the inclusion of the 244-AR vault and 
diversion boxes into the Part A Permit application will also be incorporated into the new monitoring 
design.  Plans for resolving the question of flow direction are provided in Section 4.2.3 along with a 
tentative schedule.  Until the work can be performed and new wells installed, if found necessary, the 
current monitoring program will continue.  The detection monitoring plan presented herein contains the: 
 

• design of basic interim status Resource Conservation and Recovery Act (RCRA)-compliant 
monitoring well network along with as-built diagrams of both RCRA and non-RCRA groundwater 
monitoring wells available for contingent assessment monitoring 

 
• current methods employed to routinely determine groundwater flow, both rate and direction 
 
• indicator parameters used to detect the presence of groundwater contamination 
 
• frequency of groundwater sampling 
 
• sampling, analysis and statistical procedures currently used for detection monitoring. 

 
 The following sections provide a discussion of monitoring objectives specific to WMA A-AX.  A 
description of the current detection monitoring plan with suggestions of needed modifications to allow 
accurate and early detection of contamination from WMA A-AX is also included.  Steps required to 
implement these modifications are provided.  The RCRA-required assessment monitoring plan outline is 
proposed in Appendix B, with details of local well construction given in Appendix C.  An explanation of 
the statistical calculations along with the Field Sampling Plan (FSP) and Quality Assurance Program Plan 
(QAPP) are provided in Appendix D. 
 

4.1 Objectives 
 
 In accordance with 40 CFR 265 by reference of Washington State Administrative Code (WAC) 173-
303-400 (3), which describes requirements for a detection monitoring program, the general objectives of 
the WMA A-AX groundwater monitoring plan are to: 
 

• monitor to detect indicator parameters, hazardous waste constituents and reaction products that 
provide a reliable indication of the presence of dangerous constituents in the uppermost aquifer 
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underlying WMA A-AX.  This includes the single -shell tanks (SSTs), diversion boxes and the 
244-AR Vault. 

• operate a groundwater monitoring system at the compliance point, i.e., at the downgradient wells to 
detect constituents that degrade groundwater quality.  Provide early warning of leaks occurring at or 
near the surface by detection of more mobile constituents (e.g., nitrate, sulfate, and tritium) to allow 
timely mitigation of groundwater pollution from WMA A-AX. 

 
• collect groundwater samples at an optimal frequency specifically determined for WMA A-AX to 

detect specific, mobile waste constituents and/or indicator parameters to facilitate early warning. 
 
 The manner in which these general goals are achieved at a WMA is, to some extent, dependent on site 
characteristics.  For example, the 241-A and 241-AX Tank Farms along with the 244-AR Vault and diver-
sion boxes are nearly surrounded with double -shell tank (DST) farms.  These DST farms and the 
242 A-Evaporator are currently operating facilities storing, transferring and periodically processing liquid 
waste.  Although DST systems have never developed known leaks, the monitoring network for WMA A-
AX should ideally be placed to provide data that can best differentiate a SST source from a DST, 
evaporator, or other potential sources of contamination. 
 
 Numerous liquid discharge facilities are also located around WMA A-AX.  In the past, tank-related 
wastes or Plutonium-Uranium Extraction (PUREX) wastes with similar constituents to the tank waste 
were discharged to the soil column at these facilities in quantities large enough to produce extensive 
present-day plumes of groundwater contamination.  These plumes are mapped in and around groundwater 
under the WMA.  Furthermore, the residual pore water under the discharge facilities is likely to harbor 
contamination that can act as new sources for groundwater contamination if a water driver from the 
surface is provided.  The detection monitoring program should attempt to operate such that waste 
currently in the uppermost aquifer or currently being driven to the aquifer from these discharge facilities 
can be differentiated from a WMA A-AX source. 
 
 Site-specific goals for the groundwater monitoring program at WMA A-AX are to refine monitoring 
locations, sampling frequencies, and the constituent list such that it can be determined whether or not 
WMA A-AX is the source of the groundwater contamination.  To assist in network refinement, the effici-
ency of the existing groundwater monitoring network may be evaluated with numerical models such as 
the Monitoring Efficiency Model (MEMO) (Wilson et al. 1993). 
 

4.2 Groundwater Monitoring Plan 
 
 This section describes the existing interim-status groundwater monitoring network that is and will 
be used until the flow direction is verified and network modifications are installed.  It was designed in 
accordance with RCRA, as presented in 40 CFR 265, Subpart F.  The first section defines the monitoring 
network (number and locations of monitoring wells, well construction), provides the method currently 
used to determine flow direction/rate and evaluates the network with respect to flow direction.  Moni-
toring issues are identified, the groundwater sampling parameters are presented with the constituent 
sampling frequency, and the current sampling frequency is evaluated with respect to the program 
objectives.  Next, the efficiency of the groundwater monitoring network is evaluated and clarified, so that 
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tasks can be planned that will lead to network enhancement, as needed.  Finally this section describes the 
manner in which data are stored and retrieved, lists data interpretation methods, and provides the 
reporting requirements for the program. 
 
4.2.1 Monitoring Network 
 
 The present network consists of five RCRA Standard wells and one older carbon-steel well 
(Figure 1.2).  All six wells are used for water level measurements but, currently, only the five RCRA 
Standard wells are sampled for groundwater quality.  The water level measurements are made quarterly 
over a one hour interval to eliminate daily earth tide effects and to reduce barometric effects due to 
changing atmospheric pressure. 
 
 The monitoring system at dangerous waste sites is located along the hydraulically downgradient limit 
of the waste management area, defined as the area on which waste is stored at the regulated unit.  Moni-
toring wells are placed as close as reasonably possible to the WMA.  As can be seen from Figure 1.2, only 
two wells are close to the WMA boundary.  Numerous ancillary facilities are present along the perimeter 
of the WMA limits monitoring well sites (Figure 1.2).  Utilities, both underground and overhead, water 
pipelines, waste transfer lines, diversion boxes, DSTs, support buildings and change trailers make it 
impossible to safely install a well without impacting the operation of or the access to existing facilities.  
The point of compliance for WMA A-AX equates an imaginary line connecting the downgradient wells. 
 
 The quarterly water level measurements are made separately from the sampling events.  Sampling for 
groundwater quality is performed at least semi-annually as required for a site in interim detection status.  
If a significant increase in a site-specific contaminant is observed, the well with rising contamination may 
be placed temporarily on monthly monitoring to evaluate the anomaly.  Normal sampling frequency will 
resume when the contaminant level has returned to historic background levels.  Table 4.1 provides well-
by-well information on sampling objective, sampling frequency, and the position of the well with respect 
to flow direction.  Although the location of some wells with respect to flow direction is ambiguous, 
upgradient and downgradient wells are marked according to the southwest flow direction across WMA A-
AX, as originally planned. 
 

Table 4.1.  Network Monitoring Wells 
 

Well Name Completion Date 
Upgradient 

Downgradient 
Sampling 
Objective  

Sampling 
Frequency 

299-E24-19 1989 Down C, WL SA, Q 
299-E24-20 1991 Down C, WL SA, Q 
299-E25-2 1955  WL Q 
299-E25-40 1989 Up C, WL SA, Q 
299-E25-41 1989 Up C, WL SA, Q 
299-E25-46 1992 Down C, WL SA, Q 

WL  Water level measurement. Q Quarterly. 
C  Chemistry monitoring. SA Semi -annual. 
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 The basic well design of the five RCRA Standard wells was set according to WAC 173-160, 
Minimum Standards for Construction and Maintenance of Wells.  Completion dates range from 1989 to 
1992.  A 4-in. (10-cm) inner diameter stainless steel casing was set to within 5 ft (1.5 m) above the water 
table.  Then 20 ft (6.1 m) of stainless steel continuous-slot screen was set from 5 ft (1.5 m) above to 15 ft 
(4.6 m) below the water table.  The open portion in the unsaturated zone was done to provide for any rises 
in the groundwater over time. 
 
 Above the sand pack, which surrounds the screened interval, is a two-inch annular bentonite seal that 
extends to within 20 ft (6.1 m) of the surface.  Surface casing was set and sealed with cement from 20 ft 
(6.1 m) to ground level.  The wells were finished with a cement pad and 4 posts for well protection.  The 
seals assure that there is no vertical communication along the outside of the borehole.  Dedicated pumps 
are installed in each borehole.  The wells are capped and locked when not in use. 
 
 Well 299-E25-2 was completed in March 1955.  Although originally a carbon-steel well with an 
8 inch inner diameter, it was recompleted with a 6 in. (15.2 cm) inner liner to a depth of 240 ft (73.2 m).  
Below that depth it still has the 8 in. (20.3 cm) inner diameter casing.  When the 6 inch (15.2 cm) liner 
was set, the 8 inch casing was perforated and a grout seal placed not only between the inner and outer 
casing, but into the formation behind the outer casing.  Thus this well is sealed down to 240 ft (73.2 m). 
Details concerning the site’s well constructions, location coordinates, surveyed elevation, total depth, 
general geologic stratigraphy and well maintenance can be found in Appendix C.  Information is also 
provided on other wells in the area that could be monitored for the WMA A-AX.  Some of these wells are 
located within the farm fences and therefore, would be costly to monitor.  Consequently these wells are 
not candidates for detection level monitoring. 
 
 As described in Section 2.4, screened intervals in the water table range from 8 to 11 ft (2.4 to 3.35 m).  
If the recent increase in the rate of water level decline from 0.3 ft (9 cm) per year to almost 0.8 ft (24 cm) 
per year continues, some wells may require replacement within 6 years. 
 
Groundwater Flow Determination 
 
 The current water table of the unconfined aquifer is nearly flat throughout the 200 East Area.  
Although this low gradient is caused, in part, by the dissipating groundwater mound under B-Pond, it is 
primarily due to the high aquifer transmissivity in the 200 East Area with respect to upgradient regions 
farther to west where transmissivity is considerably less.  Before formation of the groundwater mound 
beneath B-Pond, the groundwater flowed regionally to the southeast towards the 300 Area.  As evidenced 
by the large tritium plume of PUREX waste disposed to the PUREX cribs, the effective flow from the 
southeast corner of the 200 East is to the east and southeast at rates from 14 to 18 ft (4.3 to 5.5 m) per day 
(Hartman 1999). 
 
 When considering the flow for sites with small areas such as WMA A-AX, knowledge of the local 
flow is required to ensure proper placement of downgradient wells with respect to the waste storage units 
and ancillary equipment.  The objective of interim detection monitoring is not to discern where 
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contamination is moving across the Hanford Site but to discern if waste from the WMA is entering the 
groundwater.  Consequently, the regional flow directions and plume trends, as evidenced over miles, can 
be misleading when determining the local flow across a site that is 500 ft wide (152.4 m). 
 
 Currently the flow direction is determined from gradient calculations based on local water elevations.  
Unfortunately, across the 200 East Area, the differences in water elevation between wells are small, on 
the order of a few inches.  The combined errors from water level measurements, survey elevations and 
slight borehole deviations from vertical are enough to cause uncertainties in local flow direction anywhere 
in the 200 East Area.  As reported in Hartman (1999), water level data alone are insufficient to determine 
flow direction in this area.  The authors of that report suggest that other information be considered to 
determined flow direction in the 200 East Area. 
 
 It is especially important that an adequate understanding of flow direction be obtained at WMA 
A-AX because of the potential risk to human health and safety related to the waste stored at this site.  
Because of large liquid volumes of stored waste, the proposed eventual use of sluicing to remove tank 
waste, and the ongoing waste transfer for interim stabilization efforts, early detection of leaking 
contaminants is important.  Water levels may continue to yield ambiguous determinations of the local 
groundwater flow direction.  However, other methods of determining groundwater flow rate and 
direction, such as direct measurement techniques, may help resolve uncertainties in this factor and thus 
alleviate some of the potential risks. 
 
 According to water elevations based on surveys referenced to NAVD88, the direction of flow is 
nearly due east.  The current network was designed for a southwest flow direction with two upgradient 
wells (then 299-E25-40 and 299-E25-41) and only 3 downgradient wells, 299-E24-19, 299-E24-20 and 
299-E25-46.  As can be seen from Figure 1.2, for easterly flow, only well 299-E25-41 is clearly down-
gradient.  Thus, if easterly groundwater flow is occurring beneath WMA A-AX, the current well network 
may be inadequate. 
 
 The flow rate is calculated with the Darcy equation for a homogeneous, isotropic porous medium. 
The current estimate is between 2.6 and 2.2 ft (0.79 to 0.67 m) per day.  As discussed in Section 2.4, the 
flow rate may be in excess of the rate calculated from ambiguous gradient data and the effective hydraulic 
conductivities.  Direct measurements of flow rates based on tracer tests and plume tracking suggest flow 
rates in excess of 10 ft (3 m) per day (Hartman 1999).  If these fast flow rates do indeed control contami-
nant movement, then early groundwater detection of tank-related contaminants leaking to the uppermost 
aquifer is important because 241-A and 241-AX Tank Farms are the SST sites closest to the Columbia 
River. 
 
Network Evaluation 
 

 Monitoring network efficiencies are evaluated for SST WMAs with the use of a simple two dimen-
sional horizontal transport model called the Monitoring Model Efficiency Model (MEMO) (Golder 1990).  
This model estimates the monitoring efficiency of a network at the current compliance point by 
simulating a contaminant plume originating from a series of grid points within the WMAs using the 
Demenico-Robbins method (Demenico and Robbins 1985).  The model calculates both advective flow 
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and dispersion in two dimensions and determines whether the resulting plume will be detected by a 
monitoring well before the plume travels to some arbitrary distance beyond the WMA boundary termed 
the buffer zone.  The ratio of the area within the WMA over which detection will occur before impacting 
the buffer zone to the total WMA area expresses the monitoring efficiency.  The model output is a map of 
the WMA area showing regions where leaks would not be detected under the given site specific 
parameters provided as input to the model. 
 

 MEMO models are used as simple guides for determining network usefulness.  A MEMO model for 
the WMA A-AX network with a southwest flow direction of 225 degrees provided a monitoring effi-
ciency of 95.2% (Figure 4.1a).  This was the flow direction for which the network was originally 
designed.  Areas of the WMA shown in dark are where leaks can occur without detection by the currently 
used monitoring network.  If the actual direction is south at 180 degrees, the monitoring efficiency drops 
to 82% (Figure 4.1b).  For a flow direction to the southeast, at 125 degrees, the monitoring efficiency has 
dropped to 42.9% (Figure 4.1d).  A direction of 90 degrees azimuth (east) results in an efficiency of 51%.  
This means that currently 50% of the WMA is not being monitored if an eastern flow direction is correct. 
 

 With an east to southeast flow direction, the current network does not function adequately to provide 
coverage for WMA A-AX.  Well 299-E25-2, an older non-RCRA well, is downgradient but lies between 
the 216-A-1 and the 216-A-7 cribs.  The well location and the distance from the WMA make this well 
a poor choice for monitoring the WMA.  Also this well is far from the required point of compliance.  
Furthermore, an easterly flow direction leaves the WMA without adequate upgradient coverage in the 
northern part to provide upgradient/downgradint comparisons.  
 

 Plans for developing and installing an improved network are given under monitoring issues below.  
The network development is proposed with verification of the flow direction using direct measurements 
of direction and rate within the opened screen interval of the borehole.  Once direction and rate are 
verified, then a final design can be optimized using simple flow models.  This approach will provide for 
complete coverage of the WMA even as the flow direction shifts back to pre-Hanford conditions. 
 

4.2.2 Dangerous Waste Constituents 
 

 It is required under 40 CFR 265.94(a)(2) that WMA A-AX be monitored for indicator parameters 
(e.g., pH, conductivity, total organic carbon [TOC], total organic halides [TOX]), that provide a reliable 
indication of the presence of dangerous constituents in groundwater.  The constituents monitored at 
WMA A-AX were determined based on the: 
 

• types and concentrations of constituents in the stored wastes 
 

• mobility, stability and persistence of waste constituents in the unsaturated zone beneath WMA A-AX 
 
• detectability of waste constituents in the groundwater 
 
• concentrations or values of the monitoring parameters or constituents in the groundwater background 

chemistry. 
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Figure 4.1.  Series of MEMO Models Used to Evaluate Monitoring Efficiency at WMA A-AX.  Black or  
 shaded areas indicate those areas are not covered by the monitoring well network. 
 
 The site-specific sampling needs and issues at WMA A-AX are presented in the following section.  
The detailed sampling and analysis plan (SAP), consisting of the FSP and QAPP are provided in 
Appendix D. 
 
Groundwater Sampling Parameters  
 
 According to 40 CFR 265.92 and by reference of WAC 173-303-400, the owner/operator of an 
interim-status hazardous waste facility must establish initial background concentrations for the contami-
nation indicator parameters of conductivity, pH, TOC, and TOX.  Four replicate analyses for each 
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parameter from each well were obtained quarterly for 1 year.  Statistical tests, as required, were applied 
to these data from upgradient wells to determine the initial background arithmetic mean and variance 
(40 CFR 265.93[b]).  The critical means for WMA A-AX that resulted from these tests are presented in 
Table 4.2. 
 
 These initial background values will continue to be used until the monitoring network is updated with 
respect to the number and location of upgradient versus downgradient wells.  Upon completion of the 
upgraded network, the required interim-status, detection sampling will be performed to allow calculation 
of new critical means for the indicator parameters. 
 
 The statistical method and calculations used to determine statistically significant increases in the con-
centration of indicator parameters of downgradent wells as compared to initial background concentra-
tions, is the averaged replicate (AR) t-test, as presented in the Technical Enforcement Guidance 
Document (EPA 1986).  Details of the statistical method can be found in Appendix D. 
 
 A table of indicator parameters along with site-specific constituents are presented in Table 4.3 in 
conformance with 40 CFR Part 265, Subpart F.  Indicator parameters are evaluated semi-annually under 
the current monitoring system.  The sampling frequency of each site-specific constituent is provided. 
 

Table 4.2.  Critical Mean Values for the WMA A-AX(a) 
 

Constituent, Unit 
Average 

Background 
Standard 
Deviation Critical Mean 

Upgradient/ 
Downgradient 
Comparison 

Value 

Conductivity, 
mhos/cm 313.5 29.838 534.9 534.9 
Field pH 8.066 0.182 [6.89, 9.24] [6.89, 9.24] 
Total Organic 
Carbon,(b,c) Τg/L 724.375 168.522 1,691.0 1,691.0 
Total Organic 
Halides,(b,c) Τg/L 2.552 0.791 7.1 17.9 
(a) Data collected based on semiannual sampling events from February 1998 to June 1999 for 

upgradient wells 299-E25-40 and 299-E25-41. 
(b) Critical mean calculated from values reported below vendor’s specified method of detection 

limit. 
(c) The upgradient/downgradient comparison value is the limit of quantitation (Hartman 1999), 

calculated quarterly. 
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Table 4.3.  Indicator Parameters and Site-Specific Waste  
 Constituents Along with Sampling Frequency 
 

Contaminant Indicator 
Parameters Sampling Frequency 

pH Semi -annual quadruplicates 
Conductivity Semi -annual quadruplicates 

Total organic carbon Semi -annual quadruplicates 
Total organic halides Semi -annual quadruplicates 

Site Specific Constituents Sampling Frequency 

Alkalinity Semi -annual 
Anions Semi -annual 

Low-level gamma scan Semi -annual 
Gross alpha Semi -annual 
Gross beta Semi -annual 

Phenols  Annual 
ICP metals  Semi -Annual 

Technetium-99 Semi -annual 
TDS Semi -annual 

Uranium Semi -annual 
Tritium Semi -annual 

Iodine-129 Annual 
Strontium-90 Annual 

 
 The analysis for anions captures the values for nitrate, nitrite sulfate and chloride, which are the main 
mobile anionic species found in these tanks.  The metals analysis provides concentrations for sodium, 
aluminum, calcium, iron, chromium, and potassium, the main mobile cations found in tank waste.  The 
organics listed in tank waste with the greatest concentrations are glycolate, dibutyl phosphate (DBP), 
ethylenediaminetetraacetic acid (EDTA), N-(2-hydroxyethyl) ethylenediaminetetraacetic acid (HEDTA), 
and butanol.  The analysis for TOC is performed in quadruplicates to monitor for these organics.  The 
primary fission products are tritium, 90Sr, 90Tc, 125Sb, and 137Cs.  Of these, tritium and 99Tc are the most 
mobile species.  Various uranium isotopes are monitored with a total uranium analysis. 
 
 Although some of the site-specific constituents appear to be relatively immobile, it is prudent to 
sample at least annually for detection, especially as surface operations change due to interim stabilization 
and waste removal operations.  Also, 90Sr has the greatest activity of the listed radionuclides in WMA 
A-AX SSTs (Appendix B).  Although 90Sr is not as mobile as 99Tc, it has been observed in groundwater at 
other sites, and consequently, is monitored annually.  The WMA is located within a regional 129I plume.  
Although 129I is not a major constituent in the tanks, it is analyzed annually because of its mobility in 
groundwater. 
 
 Recent observations at other SST sites indicate that sampling on a semi-annual frequency may not be 
adequate to detect short-lived pulses of waste from the tank farms (Narbutovskih 1998).  MEMO 
monitoring efficiencies are based on continuous leak sources.  If sudden releases occur as would be 
expected for a leaking line during limited waste transfers or from remobilized plumes due to water line 
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ruptures, pulses of short duration may not be detected by the network since the wells are not close enough 
or monitored often enough for short duration contaminant events.  This is because a plume from a pulse 
source would not be as dispersed as one for a continuous source.  Consequently, these events may go 
unobserved with a semi-annual monitoring frequency and coarse well spacing.  When the network has 
been reevaluated and the adequacy of downgradient coverage determined (and augmented, if needed), the 
sampling frequency for mobile constituents will be increased to at least quarterly. 
 
4.2.3 Monitoring Issues and Resolutions  
 
 Monitoring issues specific to WMA A-AX have been identified in the above discussions of the 
groundwater monitoring plan.  These issues are reiterated in this section for clarity along with solutions or 
tasks to solve monitoring problems.  A tentative schedule for each task is also provided.  The specific 
issues are as follows:  
 

• The water table is essentially flat across the 200 East Area.  Without an accurate measurement of the 
gradient, the flow direction across the WMA is questionable.  Because the local flow can be quite 
different from the regional flow combined with changing flow directions as the B-Pond mound 
diminishes, regional water table contours and/or regional plume directions are unreliable for 
determining local flow across the site. 

 
• Based on consistent water levels referenced to a more recent well elevation survey, the current flow 

direction may be to the east. 
 
• The current network was designed for flow specifically to the southwest.  Determination of this flow 

direction was based on a presumed regional flow due the presence of the B-Pond mound.  No wells 
were placed to allow for changes in flow direction over time. 

 
• Model studies using an east flow result in a monitoring efficiency of 51.0%, suggesting contami-

nation entering the groundwater under half of the WMA is not detectable with the current location of 
wells.  

 
• Recent revisions to the Part A Permit application for WMA A-AX have added the 244-AR Vault and 

farm ancillary equipment to the WMA.  The vault is outside the boundary of either 241-A- or 
241-AX Tank Farm.  The approximate flow direction determined from current hydrographs indicates 
that well 299-E24-20 may not be placed adequate ly to detect groundwater contamination from this 
facility. 

 
• Finally, with the present rate of water table decline, some wells in the network may be unusable in 

about six years. 
 

 A modified network might include as many as four new downgradient wells spaced approximately 
200 to 250 ft (65 to 82 m) apart with up to three upgradient wells.  More complete upgradient coverage is 
needed than the required one well at SST sites surrounded by liquid effluent disposal facilities to allow 
discriminating between tank waste and waste associated with these upgradient discharge facilities.  The 
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elongated geometry of the WMA boundaries also indicates the need for additional upgradient wells.  
These numbers are without respect to existing wells that may eventually become unusable due to the 
declining water levels.  The design modifications to the existing network should account for current 
conditions and probable changes in flow direction to the southeast.  Future well locations should also be 
chosen to allow differentiation, to the degree possible, between waste from surrounding DST waste 
storage/treatment/discharge facilities and waste from the SSTs.  MEMO studies will be performed in 
support of network design after a more accurate flow direction is determined.  Consideration will also 
be given at that time to coverage for the recent inclusion of the 244-AR-Vault into the WMA. 
 
 Because water levels are not accurate enough to determine flow direction, instruments such as the 
colloidal boroscope may be employed to verify and refine flow direction and rate.  The colloidal 
boroscope is an in situ technique developed to directly measure the flow rate and direction through a 
borehole.  It has been demonstrated successfully twice at the Hanford Site in FY 1994 and recently in FY 
1999.  It is also an accepted method of flow direction/rate used increasingly in the field of groundwater 
studies.  Results of the Hanford tests indicate that the tool can provide useful, reliable information on flow 
properties in the highly transmissive Hanford formation sediments. 
 
 The list of specific tasks required to address monitoring issues at WMA A-AX are presented below 
along with a tentative schedule for preliminary tasks.  A schedule for the installation of new wells will be 
incorporated into the plan with a change notice.  Tasks are: 
 

• confirm with Ecology specific objectives for monitoring at WMA A-AX 
  FY 2001 

 
• conduct investigation of degree to which monitoring well 299-E24-19 is not vertical using the 

downhole gyroscope 
  FY 2001 

 
• determine flow direction and rate directly with the colloidal boroscope used in conjunction with 

refined water levels 
  2nd quarter, FY 2001 
 
• perform flow modeling with correct flow rate/direction/point of compliance to obtain optimal well 

placement 
  3rd quarter FY 2001 

 
• design network with well placement such that objectives are achieved; design to account for future 

flow directions  
  1st quarter FY 2002 
 
• install wells 
  No tentative date. 
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After an adequate well network is installed, the following changes in the groundwater plan will be made: 
 

• Re-establish critical means for indicator parameters, specifically pH and conductivity, once 
upgradient wells have been installed. 

 
• Determine groundwater flow rate and direction at new wells. 
 
• Continue monitoring and investigate the cause of elevated chromium, nickel and manganese in well 

299-E24-19.  Evaluate the need for further investigation annually. 
 
4.2.4 Data Management, Interpretation, and Reporting 
 
 The manner in which the data are received, handled and stored at Pacific Northwest National Labora-
tory (PNNL) is described in this section along with information pertaining to data interpretation and 
reporting of the project results to U.S. Department of Energy-RL (DOE-RL) and Washington State 
Department of Ecology (Ecology). 
 
 The contract laboratories provide analytical results in written report form and on digital disk.  The 
results are then loaded into the Hanford Environmental Information System (HEIS) database.  Field-
measured parameters such as field conductivity, pH, temperature, and turbidity are entered manually or 
through electronic transfer from the sampling subcontractor.  Data from HEIS can be downloaded to 
smaller databases, and spreadsheets for easier handling and interpretive analysis.  The printed analytical 
data reports and original field records stored at PNNL are the official record copies.  If questions arise 
concerning the validity of a data value, the official record copies are used for initial verification. 
 
 The data undergo a validation/verification process according to documented procedures as described 
in Appendix D.3 and according to the Hanford Groundwater Monitoring Project Quality Assurance 
Project Plan (QAPP).  This plan is kept in project files at PNNL along with all documentation and data 
acquisition pertaining specifically to groundwater monitoring at WMA A-AX.  As periodic reviews of the 
data are released, a copy of each review is kept in these project files.  Beginning with FY 1996, the annual 
groundwater monitoring report contains a digital disk of all chemical and water level data collected for 
the year (Hartman 1999).  The report is also accessible on the PNNL groundwater monitoring website at: 
http://hanford.pnl.gov/groundwater/gwmonrep.htm  
 
 Once the laboratory data are available on HEIS, a qualitative check is performed to assure that data 
are reasonable with respect to historic trends for each specific constituent of concern.  If changes occur 
from one sampling interval to the next that are unusual, trend comparisons are made with an appropriate 
co-contaminant to verify the change.  If the value continues to appear anomalous, the results are returned 
to the laboratory for further checking and possible reanalysis. 
 

After data are validated and verified, the accepted data are used to interpret groundwater conditions at 
the site.  Interpretive techniques include but are not limited to: 
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• hydrographs:  the water levels are plotted versus time to determine fluctuations in groundwater levels 
and any changes in flow direction. 

• water-table maps:  normally water-table elevations are mapped from multiple wells to construct 
contour maps to estimate flow directions.  Groundwater flow is assumed to be perpendicular to lines 
of equal potential for the local region proximal to a WMA.  In areas with a flat water table where 
contours can not be constructed with any certainty, flow direction must be estimated from relative 
well positions on hydrographs and/or from solutions to gradient fits using selected wells.  The 
approximate gradient along with estimates of the saturated hydraulic conductivity and porosity are 
used to determine the flow rate.  Data from the colloidal boroscope, however, will allow direct 
observation of the flow direction and provide an alternative method of estimating the local flow rate. 

 
• historic trend plots:  concentrations/activities of chemical and/or radiological constituents are plotted 

versus time to determine increases, decreases, and fluctuations in concentrations or activities.  The 
trend plots are used to make upgradient/downgradient comparisons for indicator parameters.  These 
plots may be used in tandem with hydrographs and/or water-table maps to determine if concentrations 
relate to changes in water-level or in groundwater flow directions. 

 
• plume maps:  distributions of chemical concentrations or radiological activities are mapped across the 

local WMA to determine the extent of contamination.  Changes in plume distribution where notice-
able movement occurs over time aid in determining movement of plumes and the direction of flow. 

 
• contaminant ratios can also be used to distinguish between different sources of contamination. 
 
• conductivity charge balances are used to check the quality of the data. 

 
 A summary of the reporting requirements for compliance with 40 CFR 265, Subpart F are listed in 
Table 4.4. 
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Table 4.4.  Reports Required for Compliance with 40 CFR 265, Subpart F, for Groundwater Monitoring 
 

Submittal Submittal Period Reporting Vehicle 
Regulatory 

Requirement 

First Year of Sampling:  
Concentrations of Interim Primary 
Drinking Water Constituents, 
Identifying Those that Exceed Limits. 

Quarterly Complete(a) 40 CFR 
265.94(a)(2)(i) 

Concentration and Statistical Analyses 
of Groundwater Contamination 
Indicator Parameters, Noting 
Significant Differences in Upgradient 
Wells. 

Annually, by 
March 1 of following 
year. 

Hanford 
Groundwater 
Monitoring Report 
(e.g., Hartman 1999) 

40 CFR 
265.94(a)(2)(ii) 

Results of Groundwater Surface 
Elevation Evaluation and Description 
of Response if Appropriate. 

Annually, by 
March 1 of following 
year. 

Hanford 
Groundwater 
Monitoring Report  

40 CFR 
265.94(a)(2)(iii) 

Outline For Groundwater Quality 
Assessment Program 

Within one year after 
effective date of 
regulations 

Appendix A of this 
document 

40 CFR 265.93(a) 

Notification of Statistical 
Exceedance(B) 

Within 7 days of 
verification 

Letter to Ecology 40 CFR 265.93(c) 

Assessment Plan(B) Within 15 days of 
notification 

PNNL document or 
letter 

40 CFR 265.93(d) 

Determinations Under Assessment 
Program(B) 

As soon as tech-
nically feasible; 
annually thereafter 

PNNL document, 
letter, or Hanford 
Groundwater 
Monitoring Report 

40 CFR 265.93(d)(5) 
and 265.94(b) 

(a) Requirement was fulfilled during first year of sampling via published reports.  Quarterly submittal of data 
continues via HEIS. 

(b) Required if exceedance occurs and is verified. 
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Appendix A 
 
 
 

Tank Waste Inventory 
 
 
 The wastes received by the 241-A and 241-AX Tank Farms were alkaline slurries of mixed waste, 
containing dangerous constituents and radioactive fission products.  Although only the dangerous and 
extremely hazardous wastes, as defined by WAC 173-303 are regulated under RCRA monitoring 
programs, analyses of groundwater samples are performed to also detect the radioactive components.  The 
combination of monitoring for both components of the mixed waste increases the ability to detect waste 
associated specifically with WMA A-AX.  As such, the waste inventory is provided in this appendix 
on a tank-by-tank basis and includes description of both hazardous and radioactive species. 
 
 These data are taken from Agnew (1997) based on the Hanford Defined Waste Model.  This model 
estimates the whole tank inventory based on process knowledge and accounting for nuclear decay and 
result ing daughter products.  The tank-by-tank inventories include 26 chemical constituents and 46 
radionuclides.  The results shown include the total of the solid and liquid fractions for each tank in WMA 
A-AX.  For a further description of the process by which these data are determined, the reader is referred 
to Agnew (1997). 
 
 In an attempt to resolve the inconsistencies between the currently used River Protection Project 
inventories and the Hanford Defined Waste Model developed by Los Alamos National Laboratory, the 
best-basis inventory was developed on both a global basis and a tank-by-tank basis for each of the 
177 single- and double-shell tanks.  This data set was not included at this time because results are present 
in total curies and not as concentrations, which are needed to compare to groundwater analytical results.  
The best basis data will, however, be consulted for relative differences between species in a given tank.  
The best basis data inventory is maintained by the River Projection Project as part of the Standard 
Inventory task and further description can found in Kupfer et al. 1997. 
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H D W  M o d e l  R e v .  4

Single-Shell Tank 241-A-101

Total Inventory Estimate*

Physical 
Properties -95  CI -67 CI +67 CI +95  CI
Total Waste 5.37E+06 (kg) (953 kgal) ---- ---- ---- ---- ----

Heat Load 7.29 (kW) (2.49E+04 BTU/hr) ---- 6.66 7.03 7.53 7.88 

Bulk Density† 1.49 (g/cc) ---- ---- 1.44 1.47 1.50 1.51 

Water wt%† 42.3 ---- ---- 40.1 40.8 43.6 45.4 

TOC wt% C (wet)† 1.19 ---- ---- 0.664 0.921 1.45 1.71 

Chemical 
Constituents mole/L ppm kg

-95  CI 
(mole/L)

-67 CI 
(mole/L)

+67 CI 
(mole/L)

+95  CI 
(mole/L)

Na+ 11.2 1.73E+05 9.27E+05 10.2 10.7 11.6 11.9 

Al3+ 1.39 2.53E+04 1.36E+05 1.17 1.34 1.43 1.47 
Fe3+ (total Fe) 1.60E-02 601 3.23E+03 1.49E-02 1.55E-02 1.66E-02 1.71E-02 

Cr3+ 9.83E-02 3.43E+03 1.84E+04 8.69E-02 9.30E-02 0.103 0.109 

Bi3+ 1.02E-03 143 767 9.58E-04 9.87E-04 1.05E-03 1.10E-03 
La3+ 1.95E-05 1.82 9.78 1.44E-05 1.69E-05 2.22E-05 2.47E-05 

Hg2+ 8.12E-06 1.09 5.88 7.79E-06 7.95E-06 8.29E-06 8.46E-06 

Zr (as ZrO(OH)2) 1.29E-04 7.88 42.3 1.19E-04 1.22E-04 1.33E-04 1.38E-04 

Pb2+ 1.09E-03 152 817 8.49E-04 9.68E-04 1.22E-03 1.34E-03 

Ni2+ 4.62E-03 182 978 4.34E-03 4.53E-03 4.67E-03 4.71E-03 
Sr2+ 0 0 0 0 0 0 0 

Mn4+ 3.76E-03 139 746 3.23E-03 3.49E-03 4.03E-03 4.29E-03 

Ca2+ 2.47E-02 666 3.58E+03 2.32E-02 2.39E-02 2.55E-02 2.63E-02 
K+ 5.37E-02 1.41E+03 7.58E+03 4.62E-02 4.94E-02 5.88E-02 6.56E-02 

OH- 7.88 9.00E+04 4.83E+05 6.80 7.58 8.07 8.22 

NO3- 3.57 1.49E+05 7.98E+05 3.39 3.48 3.66 3.75 
NO2- 2.04 6.30E+04 3.38E+05 1.64 1.81 2.29 2.35 

CO32- 0.422 1.70E+04 9.13E+04 0.389 0.405 0.439 0.450 

PO43- 7.66E-02 4.88E+03 2.62E+04 6.65E-02 7.09E-02 8.11E-02 8.70E-02 
SO42- 0.234 1.51E+04 8.11E+04 0.188 0.207 0.266 0.268 

Si (as SiO32-) 6.45E-02 1.22E+03 6.53E+03 5.69E-02 6.06E-02 6.83E-02 7.21E-02 

F- 5.51E-02 704 3.78E+03 4.72E-02 5.05E-02 6.03E-02 6.81E-02 
Cl- 0.194 4.61E+03 2.47E+04 0.167 0.179 0.200 0.205 

C6H5O73- 2.72E-02 3.45E+03 1.85E+04 2.49E-02 2.58E-02 2.86E-02 3.08E-02 
EDTA4- 2.86E-02 5.53E+03 2.97E+04 9.24E-03 1.87E-02 3.86E-02 4.83E-02 

HEDTA3- 5.14E-02 9.46E+03 5.08E+04 1.27E-02 3.16E-02 7.13E-02 9.08E-02 

glycolate- 0.106 5.35E+03 2.87E+04 6.75E-02 8.64E-02 0.126 0.146 

acetate- 1.86E-02 737 3.96E+03 1.48E-02 1.64E-02 2.09E-02 2.45E-02 

oxalate2- 2.56E-05 1.51 8.12 2.28E-05 2.42E-05 2.70E-05 2.84E-05 
DBP 2.17E-02 3.06E+03 1.65E+04 1.81E-02 1.97E-02 2.39E-02 2.71E-02 

butanol 2.17E-02 1.08E+03 5.80E+03 1.81E-02 1.97E-02 2.39E-02 2.71E-02 

NH3 5.06E-02 578 3.10E+03 4.20E-02 4.54E-02 5.72E-02 6.49E-02 

Fe(CN)64- 0 0 0 0 0 0 0 

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM). 
†Water wt% derived from the difference of density and total dissolved species.
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Single-Shell Tank 241-A-101

Total Inventory Estimate*

Physical Properties -95  CI -67 CI +67 CI +95  CI
Total Waste 5.37E+06 (kg) (953 kgal) ---- ---- ---- ---- ----

Heat Load 7.29 (kW) (2.49E+04 BTU/hr) ---- 6.66 7.03 7.53 7.88 

Bulk Density† 1.49 (g/cc) ---- ---- 1.44 1.47 1.50 1.51 

 

Water wt%† 42.3 ---- ---- 40.1 40.8 43.6 45.4 

TOC wt% C (wet)† 1.19 ---- ---- 0.664 0.921 1.45 1.71 

Radiological 
Constituents Ci/L µCi/g Ci -95  CI (Ci/L) -67 CI (Ci/L) +67 CI (Ci/L) +95  CI (Ci/L)
H-3  2.03E-04 0.136 731 1.35E-04 1.35E-04 2.18E-04 2.37E-04 

C-14  3.18E-05 2.14E-02 115 1.76E-05 1.76E-05 3.24E-05 3.29E-05 

Ni-59  1.99E-06 1.33E-03 7.16 1.32E-06 1.32E-06 2.04E-06 2.08E-06 

Ni-63  1.95E-04 0.131 703 1.29E-04 1.29E-04 2.00E-04 2.04E-04 

Co-60  4.02E-05 2.70E-02 145 2.40E-05 2.40E-05 4.13E-05 4.24E-05 

Se-79  3.29E-06 2.21E-03 11.9 2.39E-06 2.39E-06 3.62E-06 3.93E-06 

Sr-90 0.133 89.5 4.81E+05 0.126 0.131 0.136 0.138 

Y-90  0.133 89.6 4.81E+05 0.102 0.102 0.136 0.138 

Zr-93  1.61E-05 1.08E-02 58.1 1.16E-05 1.16E-05 1.77E-05 1.93E-05 

Nb-93m  1.17E-05 7.87E-03 42.3 8.55E-06 8.55E-06 1.29E-05 1.40E-05 

Tc-99  2.41E-04 0.162 869 1.88E-04 2.14E-04 2.71E-04 3.12E-04 

Ru-106  7.09E-09 4.76E-06 2.56E-02 4.99E-09 4.99E-09 7.69E-09 8.27E-09 

Cd-113m  8.53E-05 5.73E-02 308 5.82E-05 5.82E-05 9.52E-05 1.05E-04 

Sb-125  1.80E-04 0.121 651 1.10E-04 1.10E-04 1.87E-04 1.93E-04 

Sn-126  4.98E-06 3.35E-03 18.0 3.63E-06 3.63E-06 5.47E-06 5.95E-06 

I-129  4.65E-07 3.13E-04 1.68 3.63E-07 4.13E-07 5.24E-07 6.03E-07 

Cs-134  3.50E-06 2.35E-03 12.6 2.03E-06 2.75E-06 4.25E-06 4.99E-06 

Cs-137 0.240 161 8.66E+05 0.213 0.225 0.254 0.274 

Ba-137m  0.227 152 8.19E+05 0.188 0.188 0.240 0.253 

Sm-151  1.16E-02 7.79 4.19E+04 8.44E-03 8.44E-03 1.28E-02 1.38E-02 

Eu-152  4.46E-06 2.99E-03 16.1 3.34E-06 3.34E-06 4.99E-06 5.52E-06 

Eu-154  6.29E-04 0.422 2.27E+03 4.03E-04 4.03E-04 7.10E-04 7.47E-04 

Eu-155  2.66E-04 0.179 961 2.00E-04 2.00E-04 2.99E-04 3.31E-04 

Ra-226  1.46E-10 9.78E-08 5.25E-04 1.18E-10 1.18E-10 1.56E-10 1.65E-10 

Ra-228  3.08E-07 2.07E-04 1.11 8.87E-08 8.87E-08 3.40E-07 3.74E-07 

Ac-227  8.78E-10 5.89E-07 3.17E-03 7.15E-10 7.15E-10 9.36E-10 9.93E-10 

Pa-231  3.79E-09 2.54E-06 1.37E-02 2.88E-09 2.88E-09 4.11E-09 4.43E-09 

Th-229  7.16E-09 4.81E-06 2.58E-02 2.08E-09 2.08E-09 7.85E-09 8.59E-09 

Th-232  3.29E-08 2.21E-05 0.119 5.73E-09 5.73E-09 4.03E-08 4.75E-08 

U-232  9.37E-07 6.30E-04 3.38 7.24E-07 8.14E-07 1.08E-06 1.23E-06 

U-233  3.59E-06 2.41E-03 13.0 2.78E-06 3.12E-06 4.13E-06 4.71E-06 

U-234  6.08E-07 4.08E-04 2.19 5.88E-07 6.00E-07 6.16E-07 6.23E-07 

U-235  2.41E-08 1.62E-05 8.70E-02 2.33E-08 2.38E-08 2.45E-08 2.48E-08 

U-236  1.96E-08 1.31E-05 7.05E-02 1.90E-08 1.93E-08 1.98E-08 2.00E-08 

U-238 8.34E-07 5.60E-04 3.01 8.15E-07 8.26E-07 8.42E-07 8.68E-07 

Np-237  8.40E-07 5.64E-04 3.03 6.67E-07 7.51E-07 9.38E-07 1.07E-06 

Pu-238  1.40E-06 9.39E-04 5.05 1.20E-06 1.30E-06 1.50E-06 1.60E-06 

Pu-239 5.00E-05 3.36E-02 181 4.48E-05 4.74E-05 5.27E-05 5.52E-05 

Pu-240  8.47E-06 5.69E-03 30.6 7.51E-06 7.98E-06 8.97E-06 9.44E-06 

Pu-241  9.75E-05 6.55E-02 352 8.37E-05 9.05E-05 1.05E-04 1.11E-04 

Pu-242  5.19E-10 3.49E-07 1.87E-03 4.37E-10 4.77E-10 5.61E-10 6.02E-10 

Am-241  5.47E-05 3.68E-02 197 4.51E-05 4.98E-05 5.96E-05 6.43E-05 

Am-243  2.01E-09 1.35E-06 7.26E-03 1.63E-09 1.81E-09 2.25E-09 2.46E-09 

Cm-242  1.48E-07 9.97E-05 0.536 1.03E-07 1.03E-07 1.69E-07 1.89E-07 

Cm-243  1.36E-08 9.11E-06 4.89E-02 9.18E-09 9.18E-09 1.54E-08 1.72E-08 

Cm-244  1.10E-07 7.39E-05 0.397 6.48E-08 6.48E-08 1.25E-07 1.35E-07 

Totals M µg/g kg
-95  CI

(M or g/L)
-67 CI

(M or g/L)
+67 CI

(M or g/L) +95  CI(M or g/L)
Pu 6.04E-04 (g/L) ---- 2.18 5.06E-04 5.54E-04 6.54E-04 7.02E-04 

U 6.82E-03 1.09E+03 5.86E+03 6.59E-03 6.73E-03 6.93E-03 7.00E-03 

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM). 
†Volume average for density, mass average Water wt% and TOC wt% C.  
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Single-Shell Tank 241-A-102

Total Inventory Estimate*

Physical 
Properties -95  CI -67 CI +67 CI +95  CI
Total Waste 2.36E+05 (kg) (41.0 kgal) ---- ---- ---- ---- ----

Heat Load 1.02 (kW) (3.49E+03 BTU/hr) ---- 0.260 0.752 1.15 1.22 

Bulk Density† 1.52 (g/cc) ---- ---- 1.46 1.50 1.54 1.55 

Water wt%† 40.0 ---- ---- 37.2 38.4 41.5 43.4 

TOC wt% C (wet)† 1.49 ---- ---- 0.766 1.13 1.85 2.16 

Chemical 
Constituents mole/L ppm kg

-95  CI 
(mole/L)

-67 CI 
(mole/L)

+67 CI 
(mole/L)

+95  CI 
(mole/L)

Na+ 11.9 1.79E+05 4.23E+04 10.7 11.3 12.3 12.6 

Al3+ 1.43 2.54E+04 6.00E+03 1.17 1.37 1.47 1.50 
Fe3+ (total Fe) 0.101 3.71E+03 877 2.82E-02 8.68E-02 0.107 0.111 

Cr3+ 9.79E-02 3.34E+03 790 8.74E-02 9.24E-02 0.103 0.111 

Bi3+ 1.04E-03 143 33.7 9.71E-04 1.01E-03 1.08E-03 1.13E-03 
La3+ 1.87E-05 1.71 0.403 1.38E-05 1.62E-05 2.12E-05 2.36E-05 

Hg2+ 8.44E-06 1.11 0.263 8.05E-06 8.25E-06 8.63E-06 8.82E-06 

Zr (as ZrO(OH)2) 1.24E-04 7.40 1.75 1.14E-04 1.18E-04 1.27E-04 1.33E-04 

Pb2+ 1.16E-03 157 37.2 8.77E-04 1.01E-03 1.30E-03 1.44E-03 

Ni2+ 4.25E-03 164 38.7 4.08E-03 4.16E-03 4.29E-03 4.33E-03 
Sr2+ 0 0 0 0 0 0 0 

Mn4+ 3.92E-03 141 33.4 3.40E-03 3.65E-03 4.18E-03 4.43E-03 

Ca2+ 3.33E-02 876 207 2.24E-02 2.35E-02 4.04E-02 4.42E-02 
K+ 5.58E-02 1.43E+03 339 4.72E-02 5.08E-02 6.16E-02 6.95E-02 

OH- 8.29 9.26E+04 2.19E+04 7.05 7.94 8.47 8.62 

NO3- 3.60 1.46E+05 3.46E+04 3.39 3.49 3.70 3.80 
NO2- 2.13 6.45E+04 1.52E+04 1.68 1.87 2.42 2.50 

CO32- 0.461 1.82E+04 4.29E+03 0.406 0.429 0.490 0.530 

PO43- 7.90E-02 4.93E+03 1.16E+03 6.75E-02 7.25E-02 8.42E-02 9.09E-02 
SO42- 0.250 1.58E+04 3.72E+03 0.197 0.219 0.286 0.289 

Si (as SiO32-) 0.195 3.60E+03 850 6.18E-02 0.134 0.222 0.238 

F- 5.70E-02 712 168 4.79E-02 5.16E-02 6.30E-02 7.19E-02 
Cl- 0.201 4.68E+03 1.11E+03 0.171 0.184 0.207 0.212 

C6H5O73- 2.82E-02 3.51E+03 828 2.56E-02 2.67E-02 2.99E-02 3.25E-02 
EDTA4- 4.04E-02 7.65E+03 1.81E+03 1.26E-02 2.64E-02 5.44E-02 6.69E-02 

HEDTA3- 7.44E-02 1.34E+04 3.16E+03 1.88E-02 4.64E-02 0.102 0.127 

glycolate- 0.130 6.39E+03 1.51E+03 7.41E-02 0.102 0.158 0.183 

acetate- 2.07E-02 803 190 1.63E-02 1.82E-02 2.34E-02 2.75E-02 

oxalate2- 2.45E-05 1.42 0.335 2.19E-05 2.32E-05 2.59E-05 2.72E-05 
DBP 2.30E-02 3.17E+03 749 1.89E-02 2.06E-02 2.55E-02 2.92E-02 

butanol 2.30E-02 1.12E+03 264 1.89E-02 2.06E-02 2.55E-02 2.92E-02 

NH3 5.87E-02 656 155 4.82E-02 5.32E-02 6.51E-02 7.26E-02 

Fe(CN)64- 0 0 0 0 0 0 0 

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM). 
†Water wt% derived from the difference of density and total dissolved species.
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Single-Shell Tank 241-A-102

Total Inventory Estimate*

Physical Properties -95  CI -67 CI +67 CI +95  CI
Total Waste 2.36E+05 (kg) (41.0 kgal) ---- ---- ---- ---- ----

Heat Load 1.02 (kW) (3.49E+03 BTU/hr) ---- 0.260 0.752 1.15 1.22 

Bulk Density† 1.52 (g/cc) ---- ---- 1.46 1.50 1.54 1.55 

 

Water wt%† 40.0 ---- ---- 37.2 38.4 41.5 43.4 

TOC wt% C (wet)† 1.49 ---- ---- 0.766 1.13 1.85 2.16 

Radiological 
Constituents Ci/L µCi/g Ci -95  CI (Ci/L) -67 CI (Ci/L) +67 CI (Ci/L) +95  CI (Ci/L)
H-3  2.12E-04 0.139 32.9 1.47E-04 1.47E-04 2.34E-04 2.59E-04 

C-14  3.31E-05 2.17E-02 5.13 1.93E-05 1.93E-05 3.38E-05 3.64E-05 

Ni-59  4.62E-05 3.04E-02 7.17 4.30E-05 4.46E-05 4.79E-05 4.94E-05 

Ni-63  4.55E-03 2.99 706 4.23E-03 4.39E-03 4.71E-03 4.86E-03 

Co-60  4.27E-05 2.80E-02 6.62 2.69E-05 2.69E-05 4.42E-05 4.76E-05 

Se-79  2.80E-05 1.84E-02 4.35 8.25E-06 1.58E-05 4.03E-05 5.20E-05 

Sr-90 0.799 525 1.24E+05 9.73E-02 0.555 0.906 0.965 

Y-90  0.799 525 1.24E+05 9.73E-02 0.555 0.907 0.965 

Zr-93  1.23E-04 8.09E-02 19.1 3.20E-05 6.21E-05 1.84E-04 2.43E-04 

Nb-93m  1.03E-04 6.79E-02 16.0 2.76E-05 6.07E-05 1.46E-04 1.87E-04 

Tc-99  2.52E-04 0.165 39.1 1.96E-04 2.21E-04 2.86E-04 3.33E-04 

Ru-106  1.99E-07 1.31E-04 3.09E-02 1.54E-07 1.89E-07 2.10E-07 2.20E-07 

Cd-113m  3.16E-04 0.208 49.1 8.49E-05 1.88E-04 6.27E-04 9.79E-04 

Sb-125  1.93E-04 0.127 30.0 1.23E-04 1.23E-04 2.02E-04 2.10E-04 

Sn-126  4.48E-05 2.94E-02 6.95 1.34E-05 2.65E-05 6.31E-05 8.07E-05 

I-129  4.87E-07 3.20E-04 7.55E-02 3.78E-07 4.27E-07 5.54E-07 6.45E-07 

Cs-134  4.39E-06 2.88E-03 0.681 2.29E-06 3.33E-06 5.45E-06 6.40E-06 

Cs-137 0.255 168 3.96E+04 0.217 0.236 0.274 0.295 

Ba-137m  0.242 159 3.75E+04 0.197 0.197 0.260 0.276 

Sm-151  0.104 68.5 1.62E+04 3.17E-02 6.15E-02 0.147 0.188 

Eu-152  2.76E-05 1.81E-02 4.28 2.61E-05 2.65E-05 2.83E-05 2.90E-05 

Eu-154  1.19E-03 0.785 185 5.98E-04 6.61E-04 2.26E-03 4.13E-03 

Eu-155  1.69E-03 1.11 262 1.59E-03 1.62E-03 1.73E-03 1.77E-03 

Ra-226  3.12E-09 2.05E-06 4.83E-04 2.37E-09 2.74E-09 3.49E-09 3.86E-09 

Ra-228  3.40E-07 2.24E-04 5.28E-02 8.83E-08 8.83E-08 3.72E-07 4.05E-07 

Ac-227  1.63E-08 1.07E-05 2.52E-03 1.19E-08 1.41E-08 1.85E-08 2.06E-08 

Pa-231  2.68E-08 1.76E-05 4.16E-03 4.58E-09 1.46E-08 3.90E-08 5.08E-08 

Th-229  7.89E-09 5.18E-06 1.22E-03 2.07E-09 2.07E-09 8.58E-09 9.32E-09 

Th-232  3.69E-08 2.42E-05 5.72E-03 5.70E-09 5.70E-09 4.54E-08 5.36E-08 

U-232  1.00E-06 6.59E-04 0.156 7.67E-07 8.61E-07 1.16E-06 1.34E-06 

U-233  3.85E-06 2.53E-03 0.597 2.94E-06 3.30E-06 4.46E-06 5.12E-06 

U-234  6.12E-07 4.02E-04 9.50E-02 5.93E-07 6.05E-07 6.20E-07 6.27E-07 

U-235  2.42E-08 1.59E-05 3.76E-03 2.34E-08 2.39E-08 2.46E-08 2.48E-08 

U-236  1.98E-08 1.30E-05 3.08E-03 1.93E-08 1.96E-08 2.01E-08 2.03E-08 

U-238 8.58E-07 5.64E-04 0.133 8.40E-07 8.51E-07 8.66E-07 8.98E-07 

Np-237  8.73E-07 5.73E-04 0.135 6.92E-07 7.72E-07 9.85E-07 1.14E-06 

Pu-238  3.62E-05 2.37E-02 5.61 2.43E-05 3.38E-05 3.83E-05 4.04E-05 

Pu-239 9.79E-04 0.643 152 6.60E-04 9.01E-04 1.06E-03 1.13E-03 

Pu-240  1.81E-04 0.119 28.1 1.22E-04 1.68E-04 1.95E-04 2.07E-04 

Pu-241  2.56E-03 1.68 398 1.72E-03 2.40E-03 2.72E-03 2.87E-03 

Pu-242  1.51E-08 9.90E-06 2.34E-03 1.01E-08 1.41E-08 1.59E-08 1.67E-08 

Am-241  1.11E-03 0.726 172 7.47E-04 9.23E-04 1.29E-03 1.47E-03 

Am-243  5.72E-08 3.76E-05 8.88E-03 4.29E-08 5.28E-08 6.12E-08 6.47E-08 

Cm-242  1.03E-06 6.75E-04 0.159 9.71E-07 9.83E-07 1.06E-06 1.08E-06 

Cm-243  9.28E-08 6.10E-05 1.44E-02 8.77E-08 8.86E-08 9.54E-08 9.77E-08 

Cm-244  3.34E-06 2.20E-03 0.519 2.43E-06 3.13E-06 3.56E-06 3.76E-06 

Totals M µg/g kg
-95  CI

(M or g/L)
-67 CI

(M or g/L)
+67 CI

(M or g/L)
+95  CI

(M or g/L)
Pu 1.63E-02 (g/L) ---- 2.53 1.09E-02 1.50E-02 1.76E-02 1.89E-02 

U 6.85E-03 1.07E+03 253 6.62E-03 6.76E-03 6.95E-03 7.02E-03 

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM). 
†Volume average for density, mass average Water wt% and TOC wt% C.  
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Single-Shell Tank 241-A-103
Total Inventory Estimate*

Physical 
Properties -95  CI -67 CI +67 CI +95  CI
Total Waste 2.13E+06 (kg) (371 kgal) ---- ---- ---- ---- ----

Heat Load 3.57 (kW) (1.22E+04 BTU/hr) ---- 3.30 3.45 3.68 3.84 

Bulk Density† 1.52 (g/cc) ---- ---- 1.46 1.49 1.54 1.54 

Water wt%† 40.2 ---- ---- 37.7 38.5 41.7 43.7 

TOC wt% C (wet)† 1.28 ---- ---- 0.711 0.989 1.56 1.84 

Chemical 
Constituents mole/L ppm kg

-95  CI 
(mole/L)

-67 CI 
(mole/L)

+67 CI 
(mole/L)

+95  CI 
(mole/L)

Na+ 11.8 1.79E+05 3.81E+05 10.7 11.3 12.3 12.6 

Al3+ 1.48 2.64E+04 5.62E+04 1.21 1.42 1.52 1.56 

Fe3+ (total Fe) 1.86E-02 683 1.46E+03 1.74E-02 1.80E-02 1.91E-02 1.97E-02 
Cr3+ 0.101 3.47E+03 7.40E+03 9.04E-02 9.57E-02 0.107 0.115 

Bi3+ 1.07E-03 148 315 1.00E-03 1.04E-03 1.11E-03 1.17E-03 

La3+ 1.92E-05 1.76 3.75 1.42E-05 1.67E-05 2.18E-05 2.43E-05 
Hg2+ 8.71E-06 1.15 2.45 8.32E-06 8.52E-06 8.92E-06 9.11E-06 

Zr (as ZrO(OH)2) 1.28E-04 7.68 16.4 1.18E-04 1.22E-04 1.32E-04 1.37E-04 

Pb2+ 1.19E-03 163 348 9.06E-04 1.05E-03 1.34E-03 1.48E-03 

Ni2+ 5.52E-03 214 455 5.35E-03 5.43E-03 5.57E-03 5.60E-03 

Sr2+ 0 0 0 0 0 0 0 
Mn4+ 4.06E-03 147 313 3.53E-03 3.79E-03 4.33E-03 4.59E-03 

Ca2+ 2.50E-02 659 1.40E+03 2.34E-02 2.41E-02 2.58E-02 2.66E-02 

K+ 5.69E-02 1.46E+03 3.12E+03 4.80E-02 5.17E-02 6.28E-02 7.09E-02 
OH- 8.31 9.31E+04 1.98E+05 7.04 7.96 8.50 8.65 

NO3- 3.72 1.52E+05 3.24E+05 3.51 3.61 3.82 3.93 

NO2- 2.17 6.57E+04 1.40E+05 1.70 1.90 2.46 2.54 
CO32- 0.452 1.79E+04 3.81E+04 0.417 0.434 0.470 0.481 

PO43- 8.17E-02 5.11E+03 1.09E+04 6.98E-02 7.49E-02 8.70E-02 9.40E-02 
SO42- 0.252 1.59E+04 3.40E+04 0.197 0.220 0.289 0.292 

Si (as SiO32-) 8.37E-02 1.55E+03 3.30E+03 7.61E-02 7.98E-02 8.76E-02 9.13E-02 

F- 5.89E-02 737 1.57E+03 4.94E-02 5.33E-02 6.50E-02 7.42E-02 
Cl- 0.204 4.76E+03 1.02E+04 0.172 0.187 0.210 0.215 

C6H5O73- 2.92E-02 3.64E+03 7.76E+03 2.65E-02 2.76E-02 3.09E-02 3.36E-02 

EDTA4- 3.17E-02 6.02E+03 1.28E+04 1.03E-02 2.08E-02 4.27E-02 5.35E-02 
HEDTA3- 5.68E-02 1.03E+04 2.19E+04 1.40E-02 3.49E-02 7.88E-02 0.100 

glycolate- 0.114 5.65E+03 1.20E+04 7.16E-02 9.25E-02 0.136 0.158 

acetate- 2.14E-02 831 1.77E+03 1.69E-02 1.88E-02 2.41E-02 2.84E-02 

oxalate2- 2.52E-05 1.46 3.11 2.25E-05 2.38E-05 2.66E-05 2.79E-05 
DBP 2.37E-02 3.28E+03 7.00E+03 1.95E-02 2.13E-02 2.63E-02 3.01E-02 

butanol 2.37E-02 1.16E+03 2.47E+03 1.95E-02 2.13E-02 2.63E-02 3.01E-02 

NH3 5.22E-02 585 1.25E+03 4.36E-02 4.70E-02 5.88E-02 6.66E-02 

Fe(CN)64- 0 0 0 0 0 0 0 

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM). 
†Water wt% derived from the difference of density and total dissolved species.
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Single-Shell Tank 241-A-103
Total Inventory Estimate*

Physical Properties -95  CI -67 CI +67 CI +95  CI
Total Waste 2.13E+06 (kg) (371 kgal) ---- ---- ---- ---- ----

Heat Load 3.57 (kW) (1.22E+04 BTU/hr) ---- 3.30 3.45 3.68 3.84 

Bulk Density† 1.52 (g/cc) ---- ---- 1.46 1.49 1.54 1.54 

 

Water wt%† 40.2 ---- ---- 37.7 38.5 41.7 43.7 

TOC wt% C (wet)† 1.28 ---- ---- 0.711 0.989 1.56 1.84 

Radiological 
Constituents Ci/L µCi/g Ci -95  CI (Ci/L) -67 CI (Ci/L) +67 CI (Ci/L) +95  CI (Ci/L)
H-3  2.13E-04 0.141 300 1.45E-04 1.45E-04 2.30E-04 2.51E-04 

C-14  3.38E-05 2.22E-02 47.4 1.96E-05 1.96E-05 3.44E-05 3.51E-05 

Ni-59  2.60E-06 1.71E-03 3.66 1.94E-06 1.94E-06 2.64E-06 2.67E-06 

Ni-63  2.56E-04 0.169 360 1.90E-04 1.90E-04 2.60E-04 2.63E-04 

Co-60  4.32E-05 2.85E-02 60.7 2.70E-05 2.70E-05 4.44E-05 4.57E-05 

Se-79  3.72E-06 2.45E-03 5.22 2.81E-06 2.81E-06 4.04E-06 4.36E-06 

Sr-90 0.203 133 2.84E+05 0.194 0.200 0.205 0.207 

Y-90  0.203 133 2.85E+05 0.171 0.171 0.205 0.207 

Zr-93  1.80E-05 1.19E-02 25.3 1.35E-05 1.35E-05 1.97E-05 2.12E-05 

Nb-93m  1.32E-05 8.72E-03 18.6 1.01E-05 1.01E-05 1.44E-05 1.55E-05 

Tc-99  2.58E-04 0.170 362 2.00E-04 2.26E-04 2.93E-04 3.42E-04 

Ru-106  7.67E-09 5.05E-06 1.08E-02 5.57E-09 5.57E-09 8.39E-09 9.08E-09 

Cd-113m  9.15E-05 6.03E-02 129 6.43E-05 6.43E-05 1.01E-04 1.11E-04 

Sb-125  1.94E-04 0.128 273 1.22E-04 1.22E-04 2.01E-04 2.08E-04 

Sn-126  5.66E-06 3.73E-03 7.94 4.30E-06 4.30E-06 6.15E-06 6.62E-06 

I-129  4.98E-07 3.28E-04 0.699 3.86E-07 4.36E-07 5.67E-07 6.61E-07 

Cs-134  3.80E-06 2.50E-03 5.33 2.18E-06 2.97E-06 4.63E-06 5.44E-06 

Cs-137 0.252 166 3.54E+05 0.220 0.234 0.268 0.293 

Ba-137m  0.239 157 3.35E+05 0.193 0.193 0.253 0.267 

Sm-151  1.32E-02 8.69 1.85E+04 1.00E-02 1.00E-02 1.43E-02 1.54E-02 

Eu-152  5.10E-06 3.36E-03 7.17 3.95E-06 3.98E-06 5.70E-06 6.28E-06 

Eu-154  6.72E-04 0.443 944 4.46E-04 4.46E-04 7.54E-04 8.13E-04 

Eu-155  3.10E-04 0.204 435 2.39E-04 2.43E-04 3.46E-04 3.82E-04 

Ra-226  1.83E-10 1.20E-07 2.57E-04 1.55E-10 1.55E-10 1.93E-10 2.03E-10 

Ra-228  3.51E-07 2.31E-04 0.493 9.10E-08 9.10E-08 3.83E-07 4.18E-07 

Ac-227  1.08E-09 7.10E-07 1.51E-03 9.15E-10 9.15E-10 1.14E-09 1.19E-09 

Pa-231  4.19E-09 2.76E-06 5.88E-03 3.28E-09 3.28E-09 4.52E-09 4.83E-09 

Th-229  8.14E-09 5.36E-06 1.14E-02 2.14E-09 2.14E-09 8.85E-09 9.61E-09 

Th-232  3.80E-08 2.50E-05 5.34E-02 5.88E-09 5.88E-09 4.68E-08 5.52E-08 

U-232  1.04E-06 6.82E-04 1.45 7.91E-07 8.89E-07 1.20E-06 1.38E-06 

U-233  3.97E-06 2.61E-03 5.57 3.03E-06 3.41E-06 4.61E-06 5.29E-06 

U-234  6.32E-07 4.16E-04 0.887 6.12E-07 6.24E-07 6.40E-07 6.47E-07 

U-235  2.50E-08 1.65E-05 3.51E-02 2.42E-08 2.47E-08 2.53E-08 2.56E-08 

U-236  2.04E-08 1.34E-05 2.86E-02 1.98E-08 2.01E-08 2.06E-08 2.09E-08 

U-238 8.86E-07 5.84E-04 1.24 8.67E-07 8.78E-07 8.94E-07 9.26E-07 

Np-237  8.94E-07 5.89E-04 1.25 7.07E-07 7.90E-07 1.01E-06 1.17E-06 

Pu-238  1.36E-06 8.98E-04 1.92 1.16E-06 1.26E-06 1.47E-06 1.57E-06 

Pu-239 4.53E-05 2.98E-02 63.6 4.01E-05 4.26E-05 4.79E-05 5.05E-05 

Pu-240  7.83E-06 5.16E-03 11.0 6.86E-06 7.33E-06 8.32E-06 8.79E-06 

Pu-241  9.49E-05 6.25E-02 133 8.10E-05 8.78E-05 1.02E-04 1.09E-04 

Pu-242  5.18E-10 3.41E-07 7.27E-04 4.35E-10 4.76E-10 5.60E-10 6.01E-10 

Am-241  6.77E-05 4.46E-02 95.1 5.81E-05 6.28E-05 7.27E-05 7.74E-05 

Am-243  2.39E-09 1.58E-06 3.36E-03 2.00E-09 2.18E-09 2.64E-09 2.85E-09 

Cm-242  1.65E-07 1.09E-04 0.232 1.19E-07 1.19E-07 1.88E-07 2.10E-07 

Cm-243  1.49E-08 9.79E-06 2.09E-02 1.05E-08 1.05E-08 1.69E-08 1.89E-08 

Cm-244  1.20E-07 7.90E-05 0.168 7.45E-08 7.45E-08 1.35E-07 1.45E-07 

Totals M µg/g kg
-95  CI

(M or g/L)
-67 CI

(M or g/L)
+67 CI

(M or g/L)
+95  CI

(M or g/L)
Pu 4.99E-04 (g/L) ---- 0.701 4.01E-04 4.49E-04 5.49E-04 5.97E-04 

U 7.07E-03 1.11E+03 2.36E+03 6.83E-03 6.97E-03 7.17E-03 7.25E-03 

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM). 
†Volume average for density, mass average Water wt% and TOC wt% C.  
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Single-Shell Tank 241-A-104

Total Inventory Estimate*

Physical 
Properties -95  CI -67 CI +67 CI +95  CI
Total Waste 1.38E+05 (kg) (28.0 kgal) ---- ---- ---- ---- ----

Heat Load 8.95 (kW) (3.06E+04 BTU/hr) ---- 8.80 8.87 9.03 9.10 

Bulk Density† 1.30 (g/cc) ---- ---- 1.29 1.30 1.31 1.31 

Water wt%† 69.1 ---- ---- 68.7 68.9 69.4 69.7 

TOC wt% C (wet)† 0 ---- ---- 0 0 0 0 

Chemical 
Constituents mole/L ppm kg

-95  CI 
(mole/L)

-67 CI 
(mole/L)

+67 CI 
(mole/L)

+95  CI 
(mole/L)

Na+ 5.51 9.75E+04 1.34E+04 5.11 5.36 5.66 5.80 
Al3+ 6.85E-02 1.42E+03 196 6.84E-02 6.85E-02 6.87E-02 6.88E-02 

Fe3+ (total Fe) 1.35 5.79E+04 7.98E+03 1.34 1.35 1.35 1.35 

Cr3+ 1.39E-02 557 76.7 1.38E-02 1.39E-02 1.40E-02 1.41E-02 
Bi3+ 9.29E-06 1.49 0.206 7.85E-06 8.56E-06 1.00E-05 1.07E-05 

La3+ 0 0 0 0 0 0 0 
Hg2+ 2.91E-07 4.50E-02 6.19E-03 2.62E-07 2.77E-07 3.06E-07 3.21E-07 

Zr (as ZrO(OH)2) 3.67E-08 2.58E-03 3.55E-04 3.64E-08 3.65E-08 3.69E-08 3.72E-08 

Pb2+ 4.77E-05 7.60 1.05 2.65E-05 3.69E-05 5.85E-05 6.89E-05 
Ni2+ 0.138 6.22E+03 856 0.134 0.137 0.138 0.139 

Sr2+ 0 0 0 0 0 0 0 

Mn4+ 2.13E-03 90.2 12.4 1.48E-03 1.80E-03 2.47E-03 2.79E-03 
Ca2+ 0.121 3.73E+03 514 0.102 0.111 0.131 0.140 

K+ 6.23E-03 187 25.8 6.17E-03 6.20E-03 6.27E-03 6.32E-03 
OH- 4.63 6.05E+04 8.34E+03 4.61 4.62 4.64 4.65 

NO3- 1.57E-09 7.47E-05 1.03E-05 1.13E-09 1.33E-09 1.85E-09 2.17E-09 

NO2- 0.631 2.23E+04 3.07E+03 0.618 0.624 0.634 0.639 
CO32- 0.231 1.06E+04 1.47E+03 0.212 0.221 0.240 0.249 

PO43- 1.88E-02 1.37E+03 189 1.86E-02 1.87E-02 1.89E-02 1.91E-02 

SO42- 6.68E-02 4.94E+03 680 6.62E-02 6.65E-02 6.72E-02 6.77E-02 
Si (as SiO32-) 2.21 4.77E+04 6.58E+03 2.00 2.13 2.29 2.36 

F- 3.12E-04 4.56 0.628 2.92E-04 3.08E-04 3.14E-04 3.16E-04 
Cl- 1.57E-02 427 58.8 1.55E-02 1.56E-02 1.58E-02 1.59E-02 

C6H5O73- 0 0 0 0 0 0 0 

EDTA4- 0 0 0 0 0 0 0 
HEDTA3- 0 0 0 0 0 0 0 

glycolate- 0 0 0 0 0 0 0 
acetate- 0 0 0 0 0 0 0 

oxalate2- 0 0 0 0 0 0 0 
DBP 0 0 0 0 0 0 0 

butanol 0 0 0 0 0 0 0 

NH3 0.200 2.62E+03 361 0.197 0.199 0.203 0.206 

Fe(CN)64- 0 0 0 0 0 0 0 

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM). 
†Water wt% derived from the difference of density and total dissolved species.  



 

 A.9 

HDW Model Rev. 4

Single-Shell Tank 241-A-104
Total Inventory Estimate*

Physical Properties -95  CI -67 CI +67 CI +95  CI
Total Waste 1.38E+05 (kg) (28.0 kgal) ---- ---- ---- ---- ----

Heat Load 8.95 (kW) (3.06E+04 BTU/hr) ---- 8.80 8.87 9.03 9.10 

Bulk Density† 1.30 (g/cc) ---- ---- 1.29 1.30 1.31 1.31 

 

Water wt%† 69.1 ---- ---- 68.7 68.9 69.4 69.7 

TOC wt% C (wet)† 0 ---- ---- 0 0 0 0 

Radiological 
Constituents Ci/L µCi/g Ci -95  CI (Ci/L) -67 CI (Ci/L) +67 CI (Ci/L) +95  CI (Ci/L)
H-3  5.72E-06 4.40E-03 0.606 4.97E-06 5.30E-06 6.26E-06 6.88E-06 

C-14  1.11E-05 8.55E-03 1.18 1.09E-05 1.10E-05 1.12E-05 1.13E-05 

Ni-59  1.12E-04 8.58E-02 11.8 1.07E-04 1.09E-04 1.14E-04 1.17E-04 

Ni-63  1.09E-02 8.41 1.16E+03 1.05E-02 1.07E-02 1.12E-02 1.14E-02 

Co-60  1.12E-05 8.58E-03 1.18 1.10E-05 1.11E-05 1.12E-05 1.17E-05 

Se-79  5.04E-05 3.88E-02 5.34 4.15E-06 1.85E-05 8.24E-05 1.13E-04 

Sr-90 12.4 9.50E+03 1.31E+06 12.1 12.3 12.5 12.6 

Y-90  12.4 9.51E+03 1.31E+06 12.1 12.3 12.5 12.6 

Zr-93  2.11E-04 0.163 22.4 1.86E-05 5.17E-05 3.71E-04 5.24E-04 

Nb-93m  1.92E-04 0.148 20.3 1.57E-05 8.02E-05 3.04E-04 4.11E-04 

Tc-99  7.83E-05 6.02E-02 8.29 7.69E-05 7.76E-05 7.90E-05 7.96E-05 

Ru-106  1.25E-08 9.63E-06 1.33E-03 4.06E-09 4.15E-09 7.05E-08 1.26E-07 

Cd-113m  1.44E-04 0.111 15.3 5.00E-05 5.11E-05 1.04E-03 1.96E-03 

Sb-125  4.15E-05 3.19E-02 4.39 4.11E-05 4.13E-05 4.17E-05 4.21E-05 

Sn-126  8.22E-05 6.32E-02 8.71 6.58E-06 3.43E-05 1.30E-04 1.76E-04 

I-129  1.51E-07 1.16E-04 1.60E-02 1.49E-07 1.50E-07 1.53E-07 1.54E-07 

Cs-134  1.88E-06 1.45E-03 0.200 1.87E-06 1.87E-06 1.89E-06 1.91E-06 

Cs-137 0.261 201 2.77E+04 0.257 0.259 0.264 0.266 

Ba-137m  0.247 190 2.62E+04 0.243 0.245 0.249 0.251 

Sm-151  0.193 149 2.05E+04 1.53E-02 8.18E-02 0.305 0.413 

Eu-152  7.41E-05 5.70E-02 7.85 7.41E-05 7.41E-05 7.41E-05 7.41E-05 

Eu-154  2.39E-04 0.184 25.3 2.26E-04 2.30E-04 2.48E-04 6.21E-03 

Eu-155  4.84E-03 3.73 513 4.84E-03 4.85E-03 4.85E-03 4.85E-03 

Ra-226  7.22E-09 5.55E-06 7.65E-04 5.28E-09 6.23E-09 8.21E-09 9.16E-09 

Ra-228  8.00E-10 6.16E-07 8.48E-05 8.00E-10 8.00E-10 8.01E-10 8.01E-10 

Ac-227  3.76E-08 2.89E-05 3.99E-03 2.66E-08 3.20E-08 4.32E-08 4.86E-08 

Pa-231  5.17E-08 3.98E-05 5.48E-03 4.50E-09 2.06E-08 8.29E-08 1.13E-07 

Th-229  3.71E-10 2.85E-07 3.93E-05 3.71E-10 3.71E-10 3.71E-10 3.71E-10 

Th-232  8.63E-11 6.64E-08 9.15E-06 8.55E-11 8.59E-11 8.68E-11 8.76E-11 

U-232  5.07E-08 3.90E-05 5.37E-03 4.56E-08 4.81E-08 5.33E-08 5.58E-08 

U-233  1.96E-07 1.51E-04 2.08E-02 1.77E-07 1.86E-07 2.06E-07 2.16E-07 

U-234  1.58E-07 1.21E-04 1.67E-02 1.46E-07 1.52E-07 1.64E-07 1.70E-07 

U-235  6.53E-09 5.03E-06 6.92E-04 6.06E-09 6.29E-09 6.78E-09 7.02E-09 

U-236  4.32E-09 3.32E-06 4.58E-04 3.98E-09 4.15E-09 4.50E-09 4.66E-09 

U-238 1.52E-07 1.17E-04 1.61E-02 1.41E-07 1.47E-07 1.58E-07 1.63E-07 

Np-237  2.48E-07 1.90E-04 2.62E-02 2.42E-07 2.45E-07 2.50E-07 2.53E-07 

Pu-238  2.78E-06 2.14E-03 0.295 2.54E-06 2.70E-06 2.86E-06 2.93E-06 

Pu-239 1.47E-04 0.113 15.6 1.32E-04 1.42E-04 1.53E-04 1.57E-04 

Pu-240  2.30E-05 1.77E-02 2.44 2.07E-05 2.22E-05 2.38E-05 2.45E-05 

Pu-241  2.03E-04 0.156 21.5 1.85E-04 1.97E-04 2.09E-04 2.14E-04 

Pu-242  8.83E-10 6.79E-07 9.36E-05 8.18E-10 8.62E-10 9.05E-10 9.25E-10 

Am-241  1.65E-03 1.27 175 7.13E-04 1.17E-03 2.13E-03 2.59E-03 

Am-243  3.59E-08 2.76E-05 3.80E-03 1.61E-08 2.60E-08 4.54E-08 5.41E-08 

Cm-242  1.76E-06 1.35E-03 0.187 1.76E-06 1.76E-06 1.76E-06 1.76E-06 

Cm-243  9.74E-08 7.50E-05 1.03E-02 9.75E-08 9.75E-08 9.75E-08 9.75E-08 

Cm-244  7.60E-07 5.85E-04 8.06E-02 9.50E-08 9.67E-08 1.92E-06 3.04E-06 

Totals M µg/g kg
-95  CI

(M or g/L)
-67 CI

(M or g/L)
+67 CI

(M or g/L)
+95  CI

(M or g/L)
Pu 1.50E-03 (g/L) ---- 0.158 1.23E-03 1.41E-03 1.58E-03 1.66E-03 

U 1.91E-03 350 48.3 1.78E-03 1.84E-03 1.99E-03 2.06E-03 

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM). 
†Volume average for density, mass average Water wt% and TOC wt% C.
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Single-Shell Tank 241-A-105

Total Inventory Estimate*

Physical 
Properties -95  CI -67 CI +67 CI +95  CI
Total Waste 9.67E+04 (kg) (19.0 kgal) ---- ---- ---- ---- ----

Heat Load 8.05 (kW) (2.75E+04 BTU/hr) ---- 7.08 7.77 8.22 8.35 

Bulk Density† 1.34 (g/cc) ---- ---- 1.19 1.29 1.38 1.40 

Water wt%† 61.5 ---- ---- 57.6 59.3 65.0 71.7 

TOC wt% C (wet)† 0 ---- ---- 0 0 0 0 

Chemical 
Constituents mole/L ppm kg

-95  CI 
(mole/L)

-67 CI 
(mole/L)

+67 CI 
(mole/L)

+95  CI 
(mole/L)

Na+ 4.03 6.89E+04 6.66E+03 0.428 2.83 4.78 5.33 

Al3+ 0 0 0 0 0 0 0 
Fe3+ (total Fe) 2.96 1.23E+05 1.19E+04 2.86 2.93 2.97 2.98 

Cr3+ 6.51E-03 252 24.3 2.46E-03 4.49E-03 8.54E-03 1.05E-02 

Bi3+ 0 0 0 0 0 0 0 
La3+ 0 0 0 0 0 0 0 

Hg2+ 0 0 0 0 0 0 0 

Zr (as ZrO(OH)2) 0 0 0 0 0 0 0 

Pb2+ 0 0 0 0 0 0 0 

Ni2+ 5.82E-02 2.54E+03 246 1.23E-03 3.45E-02 6.99E-02 7.66E-02 
Sr2+ 0 0 0 0 0 0 0 

Mn4+ 0 0 0 0 0 0 0 

Ca2+ 0.243 7.25E+03 701 5.58E-03 0.125 0.302 0.335 
K+ 4.59E-03 133 12.9 1.74E-03 3.17E-03 6.02E-03 7.41E-03 

OH- 9.14 1.16E+05 1.12E+04 8.64 8.97 9.26 9.34 

NO3- 6.17E-17 2.85E-12 2.75E-13 7.32E-18 1.96E-17 2.81E-16 5.59E-15 
NO2- 0.587 2.01E+04 1.94E+03 0.222 0.405 0.771 0.948 

CO32- 0.243 1.09E+04 1.05E+03 5.58E-03 0.125 0.302 0.335 

PO43- 0 0 0 0 0 0 0 
SO42- 0.129 9.23E+03 892 4.89E-02 8.91E-02 0.170 0.209 

Si (as SiO32-) 1.52 3.18E+04 3.08E+03 2.83E-02 1.08 1.75 1.94 

F- 0 0 0 0 0 0 0 
Cl- 2.11E-02 556 53.8 7.98E-03 1.46E-02 2.77E-02 3.41E-02 

C6H5O73- 0 0 0 0 0 0 0 
EDTA4- 0 0 0 0 0 0 0 

HEDTA3- 0 0 0 0 0 0 0 

glycolate- 0 0 0 0 0 0 0 

acetate- 0 0 0 0 0 0 0 

oxalate2- 0 0 0 0 0 0 0 
DBP 0 0 0 0 0 0 0 

butanol 0 0 0 0 0 0 0 

NH3 0.270 3.41E+03 330 0.106 0.190 0.352 0.431 

Fe(CN)64- 0 0 0 0 0 0 0 

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM). 
†Water wt% derived from the difference of density and total dissolved species.
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Single-Shell Tank 241-A-105

Total Inventory Estimate*

Physical Properties -95  CI -67 CI +67 CI +95  CI
Total Waste 9.67E+04 (kg) (19.0 kgal) ---- ---- ---- ---- ----

Heat Load 8.05 (kW) (2.75E+04 BTU/hr) ---- 7.08 7.77 8.22 8.35 

Bulk Density† 1.34 (g/cc) ---- ---- 1.19 1.29 1.38 1.40 

 
Water wt%† 61.5 ---- ---- 57.6 59.3 65.0 71.7 

TOC wt% C (wet)† 0 ---- ---- 0 0 0 0 

Radiological 
Constituents Ci/L µCi/g Ci -95  CI (Ci/L) -67 CI (Ci/L) +67 CI (Ci/L) +95  CI (Ci/L)
H-3  1.28E-04 9.50E-02 9.18 1.76E-05 5.96E-05 2.22E-04 3.38E-04 

C-14  2.38E-05 1.77E-02 1.71 9.00E-06 1.64E-05 3.12E-05 3.84E-05 

Ni-59  1.18E-04 8.77E-02 8.48 2.49E-06 7.00E-05 1.42E-04 1.55E-04 

Ni-63  1.18E-02 8.81 852 2.50E-04 7.03E-03 1.42E-02 1.56E-02 

Co-60  3.28E-05 2.44E-02 2.36 1.24E-05 2.26E-05 4.30E-05 3.17E-04 

Se-79  1.12E-04 8.30E-02 8.02 1.02E-05 8.53E-05 1.29E-04 1.47E-04 

Sr-90 16.2 1.20E+04 1.16E+06 14.5 15.7 16.4 16.5 

Y-90  16.2 1.20E+04 1.16E+06 14.5 15.7 16.4 16.5 

Zr-93  5.12E-04 0.381 36.8 9.11E-06 3.81E-04 6.02E-04 6.87E-04 

Nb-93m  3.85E-04 0.286 27.7 3.00E-05 2.93E-04 4.47E-04 5.07E-04 

Tc-99  1.69E-04 0.125 12.1 6.38E-05 1.16E-04 2.21E-04 2.72E-04 

Ru-106  3.82E-07 2.84E-04 2.75E-02 1.29E-07 3.16E-07 4.27E-07 4.70E-07 

Cd-113m  2.20E-03 1.63 158 4.41E-05 1.41E-03 2.73E-03 3.25E-03 

Sb-125  1.47E-04 0.110 10.6 5.57E-05 1.02E-04 1.93E-04 2.38E-04 

Sn-126  1.74E-04 0.129 12.5 2.20E-05 1.35E-04 2.01E-04 2.27E-04 

I-129  3.26E-07 2.43E-04 2.35E-02 1.23E-07 2.25E-07 4.28E-07 5.27E-07 

Cs-134  7.82E-06 5.81E-03 0.562 2.96E-06 5.39E-06 1.03E-05 1.26E-05 

Cs-137 0.622 463 4.47E+04 0.235 0.429 0.816 1.00 

Ba-137m  0.588 438 4.23E+04 0.223 0.406 0.772 0.950 

Sm-151  0.416 309 2.99E+04 6.12E-02 0.324 0.478 0.538 

Eu-152  1.27E-04 9.44E-02 9.13 1.25E-04 1.26E-04 1.28E-04 1.29E-04 

Eu-154  7.32E-03 5.44 526 2.36E-04 7.46E-04 1.18E-02 1.61E-02 

Eu-155  9.46E-03 7.03 680 9.28E-03 9.37E-03 9.55E-03 9.64E-03 

Ra-226  7.40E-09 5.51E-06 5.32E-04 4.26E-09 6.59E-09 7.96E-09 8.49E-09 

Ra-228  6.69E-14 4.98E-11 4.81E-09 6.57E-14 6.63E-14 6.76E-14 6.82E-14 

Ac-227  3.99E-08 2.97E-05 2.87E-03 2.17E-08 3.52E-08 4.31E-08 4.62E-08 

Pa-231  8.98E-08 6.68E-05 6.46E-03 1.67E-09 6.36E-08 1.08E-07 1.25E-07 

Th-229  1.04E-11 7.77E-09 7.51E-07 1.03E-11 1.04E-11 1.06E-11 1.06E-11 

Th-232  6.04E-15 4.49E-12 4.34E-10 2.28E-15 4.17E-15 7.93E-15 9.75E-15 

U-232  8.40E-12 6.24E-09 6.04E-07 3.18E-12 5.79E-12 1.10E-11 1.36E-11 

U-233  1.98E-13 1.47E-10 1.42E-08 7.49E-14 1.37E-13 2.60E-13 3.20E-13 

U-234  1.04E-07 7.70E-05 7.44E-03 3.91E-08 7.14E-08 1.36E-07 1.67E-07 

U-235  4.32E-09 3.21E-06 3.10E-04 1.63E-09 2.98E-09 5.67E-09 6.97E-09 

U-236  2.82E-09 2.10E-06 2.03E-04 1.07E-09 1.95E-09 3.71E-09 4.56E-09 

U-238 1.01E-07 7.49E-05 7.25E-03 3.81E-08 6.95E-08 1.32E-07 1.63E-07 

Np-237  3.60E-07 2.68E-04 2.59E-02 1.36E-07 2.49E-07 4.73E-07 5.82E-07 

Pu-238  9.43E-05 7.01E-02 6.78 7.72E-05 8.99E-05 9.73E-05 1.00E-04 

Pu-239 2.44E-03 1.82 176 2.00E-03 2.33E-03 2.52E-03 2.60E-03 

Pu-240  4.66E-04 0.347 33.5 3.82E-04 4.44E-04 4.81E-04 4.95E-04 

Pu-241  6.71E-03 4.99 483 5.50E-03 6.40E-03 6.93E-03 7.13E-03 

Pu-242  3.88E-08 2.89E-05 2.79E-03 3.18E-08 3.70E-08 4.01E-08 4.12E-08 

Am-241  3.84E-03 2.86 276 2.32E-03 3.45E-03 4.11E-03 4.37E-03 

Am-243  1.18E-07 8.77E-05 8.48E-03 7.12E-08 1.06E-07 1.26E-07 1.34E-07 

Cm-242  3.51E-06 2.61E-03 0.252 3.44E-06 3.48E-06 3.54E-06 3.58E-06 

Cm-243  2.70E-07 2.01E-04 1.94E-02 2.64E-07 2.67E-07 2.72E-07 2.75E-07 

Cm-244  8.29E-06 6.17E-03 0.596 3.22E-06 6.98E-06 9.18E-06 1.00E-05 

Totals M µg/g kg
-95  CI

(M or g/L)
-67 CI

(M or g/L)
+67 CI

(M or g/L)
+95  CI

(M or g/L)
Pu 4.14E-02 (g/L) ---- 2.98 3.39E-02 3.95E-02 4.28E-02 4.40E-02 

U 1.27E-03 224 21.7 4.80E-04 8.75E-04 1.66E-03 2.05E-03 

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM). 
†Volume average for density, mass average Water wt% and TOC wt% C.
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Single-Shell Tank 241-A-106

Total Inventory Estimate*

Physical 
Properties -95  CI -67 CI +67 CI +95  CI
Total Waste 7.16E+05 (kg) (125 kgal) ---- ---- ---- ---- ----

Heat Load 14.6 (kW) (4.98E+04 BTU/hr) ---- 7.45 12.1 15.7 16.3 

Bulk Density† 1.51 (g/cc) ---- ---- 1.44 1.48 1.54 1.56 

Water wt%† 42.3 ---- ---- 38.9 40.4 44.4 47.5 

TOC wt% C (wet)† 1.53 ---- ---- 0.681 1.12 1.93 2.21 

Chemical 
Constituents mole/L ppm kg

-95  CI 
(mole/L)

-67 CI 
(mole/L)

+67 CI 
(mole/L)

+95  CI 
(mole/L)

Na+ 11.4 1.74E+05 1.24E+05 9.87 10.7 11.9 12.4 
Al3+ 1.12 1.99E+04 1.42E+04 1.01 1.08 1.15 1.18 

Fe3+ (total Fe) 0.521 1.92E+04 1.38E+04 0.290 0.476 0.541 0.552 

Cr3+ 8.93E-02 3.07E+03 2.20E+03 7.67E-02 8.35E-02 9.16E-02 9.45E-02 

Bi3+ 8.13E-04 112 80.4 7.56E-04 7.84E-04 8.42E-04 8.70E-04 

La3+ 1.79E-05 1.64 1.17 1.31E-05 1.54E-05 2.03E-05 2.27E-05 

Hg2+ 6.15E-06 0.815 0.584 5.85E-06 6.02E-06 6.23E-06 6.30E-06 
Zr (as ZrO(OH)2) 1.25E-04 7.54 5.40 1.15E-04 1.18E-04 1.29E-04 1.35E-04 
Pb2+ 7.70E-04 105 75.5 6.57E-04 7.13E-04 8.28E-04 8.83E-04 
Ni2+ 2.71E-02 1.05E+03 753 2.69E-02 2.70E-02 2.72E-02 2.72E-02 
Sr2+ 0 0 0 0 0 0 0 
Mn4+ 3.14E-03 114 81.6 2.65E-03 2.89E-03 3.39E-03 3.63E-03 
Ca2+ 7.02E-02 1.86E+03 1.33E+03 3.86E-02 3.99E-02 9.28E-02 0.105 

K+ 4.61E-02 1.19E+03 852 4.26E-02 4.41E-02 4.84E-02 5.16E-02 

OH- 8.07 9.06E+04 6.49E+04 7.34 7.87 8.28 8.38 

NO3- 2.98 1.22E+05 8.75E+04 2.80 2.91 3.02 3.06 

NO2- 1.85 5.62E+04 4.02E+04 1.64 1.74 1.96 2.06 

CO32- 0.423 1.68E+04 1.20E+04 0.340 0.368 0.471 0.574 
PO43- 6.14E-02 3.85E+03 2.76E+03 5.53E-02 5.74E-02 6.35E-02 6.63E-02 
SO42- 0.204 1.29E+04 9.25E+03 0.176 0.189 0.218 0.231 
Si (as SiO32-) 0.849 1.58E+04 1.13E+04 0.434 0.655 0.934 0.994 
F- 4.22E-02 530 379 3.72E-02 3.93E-02 4.46E-02 4.82E-02 
Cl- 0.170 3.98E+03 2.85E+03 0.157 0.164 0.177 0.182 
C6H5O73- 1.97E-02 2.46E+03 1.76E+03 1.83E-02 1.90E-02 2.05E-02 2.14E-02 

EDTA4- 4.60E-02 8.75E+03 6.27E+03 1.33E-02 3.01E-02 6.18E-02 7.37E-02 

HEDTA3- 8.89E-02 1.61E+04 1.15E+04 2.35E-02 5.70E-02 0.120 0.144 

glycolate- 0.130 6.42E+03 4.60E+03 6.42E-02 9.76E-02 0.161 0.185 

acetate- 1.01E-02 393 281 8.31E-03 9.07E-03 1.12E-02 1.28E-02 
oxalate2- 2.34E-05 1.36 0.975 2.08E-05 2.21E-05 2.47E-05 2.60E-05 
DBP 1.52E-02 2.11E+03 1.51E+03 1.35E-02 1.43E-02 1.62E-02 1.77E-02 
butanol 1.52E-02 744 533 1.35E-02 1.43E-02 1.62E-02 1.77E-02 

NH3 0.111 1.25E+03 893 7.96E-02 9.47E-02 0.126 0.132 
Fe(CN)64- 0 0 0 0 0 0 0 

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM). 
†Water wt% derived from the difference of density and total dissolved species.
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Single-Shell Tank 241-A-106
Total Inventory Estimate*

Physical 
Properties -95  CI -67 CI +67 CI +95  CI
Total Waste 7.16E+05 (kg) (125 kgal) ---- ---- ---- ---- ----

Heat Load 14.6 (kW) (4.98E+04 BTU/hr) ---- 7.45 12.1 15.7 16.3 

Bulk Density† 1.51 (g/cc) ---- ---- 1.44 1.48 1.54 1.56 

 

Water wt%† 42.3 ---- ---- 38.9 40.4 44.4 47.5 

TOC wt% C (wet)† 1.53 ---- ---- 0.681 1.12 1.93 2.21 

Radiological 
Constituents Ci/L µCi/g Ci -95  CI (Ci/L) -67 CI (Ci/L) +67 CI (Ci/L) +95  CI (Ci/L)
H-3  1.83E-04 0.121 86.5 1.20E-04 1.20E-04 2.08E-04 2.35E-04 

C-14  2.80E-05 1.85E-02 13.2 1.49E-05 1.49E-05 2.88E-05 3.63E-05 

Ni-59  1.62E-04 0.107 76.5 1.51E-04 1.56E-04 1.67E-04 1.72E-04 

Ni-63  1.59E-02 10.5 7.53E+03 1.49E-02 1.54E-02 1.64E-02 1.69E-02 

Co-60  3.45E-05 2.28E-02 16.3 1.95E-05 1.95E-05 3.62E-05 4.38E-05 

Se-79  8.97E-05 5.93E-02 42.5 2.63E-05 5.06E-05 1.29E-04 1.66E-04 

Sr-90 4.38 2.89E+03 2.07E+06 2.18 3.60 4.72 4.91 

Y-90  4.38 2.89E+03 2.07E+06 2.18 3.61 4.72 4.91 

Zr-93  3.88E-04 0.256 184 9.90E-05 1.93E-04 5.84E-04 7.71E-04 

Nb-93m  3.33E-04 0.220 158 9.01E-05 1.96E-04 4.70E-04 6.01E-04 

Tc-99  2.05E-04 0.136 97.1 1.56E-04 1.80E-04 2.30E-04 2.55E-04 

Ru-106  6.17E-07 4.07E-04 0.292 4.72E-07 5.82E-07 6.51E-07 6.85E-07 

Cd-113m  8.16E-04 0.539 386 9.45E-05 3.99E-04 1.81E-03 2.94E-03 

Sb-125  1.56E-04 0.103 73.6 9.06E-05 9.06E-05 1.66E-04 1.73E-04 

Sn-126  1.44E-04 9.53E-02 68.3 4.38E-05 8.56E-05 2.03E-04 2.59E-04 

I-129  3.96E-07 2.62E-04 0.188 3.02E-07 3.48E-07 4.45E-07 4.92E-07 

Cs-134  4.91E-06 3.24E-03 2.32 2.44E-06 3.70E-06 6.10E-06 7.01E-06 

Cs-137 0.277 183 1.31E+05 0.232 0.255 0.299 0.315 

Ba-137m  0.262 173 1.24E+05 0.220 0.233 0.283 0.298 

Sm-151  0.336 222 1.59E+05 0.104 0.199 0.473 0.604 

Eu-152  8.92E-05 5.89E-02 42.2 8.74E-05 8.81E-05 9.00E-05 9.07E-05 

Eu-154  2.24E-03 1.48 1.06E+03 5.10E-04 5.86E-04 5.71E-03 1.17E-02 

Eu-155  5.52E-03 3.65 2.61E+03 5.41E-03 5.46E-03 5.57E-03 5.61E-03 

Ra-226  1.08E-08 7.14E-06 5.11E-03 8.43E-09 9.59E-09 1.20E-08 1.32E-08 

Ra-228  1.77E-07 1.17E-04 8.39E-02 7.56E-08 7.56E-08 2.04E-07 2.33E-07 

Ac-227  5.61E-08 3.70E-05 2.65E-02 4.23E-08 4.91E-08 6.31E-08 6.99E-08 

Pa-231  8.51E-08 5.62E-05 4.02E-02 1.38E-08 4.60E-08 1.24E-07 1.62E-07 

Th-229  4.19E-09 2.77E-06 1.98E-03 1.84E-09 1.84E-09 4.78E-09 5.41E-09 

Th-232  1.75E-08 1.15E-05 8.27E-03 4.89E-09 4.89E-09 2.09E-08 2.42E-08 

U-232  6.27E-07 4.14E-04 0.297 4.45E-07 5.34E-07 7.35E-07 8.50E-07 

U-233  2.40E-06 1.59E-03 1.14 1.71E-06 2.05E-06 2.82E-06 3.26E-06 

U-234  5.49E-07 3.63E-04 0.260 5.32E-07 5.41E-07 5.58E-07 5.63E-07 

U-235  2.21E-08 1.46E-05 1.04E-02 2.14E-08 2.17E-08 2.25E-08 2.27E-08 

U-236  1.75E-08 1.16E-05 8.30E-03 1.70E-08 1.73E-08 1.78E-08 1.80E-08 

U-238 6.83E-07 4.51E-04 0.323 6.66E-07 6.74E-07 6.92E-07 6.99E-07 

Np-237  7.20E-07 4.76E-04 0.341 5.60E-07 6.38E-07 8.03E-07 8.82E-07 

Pu-238  1.12E-04 7.38E-02 52.9 7.41E-05 1.04E-04 1.19E-04 1.26E-04 

Pu-239 3.01E-03 1.99 1.42E+03 2.00E-03 2.76E-03 3.27E-03 3.51E-03 

Pu-240  5.59E-04 0.369 264 3.71E-04 5.15E-04 6.02E-04 6.44E-04 

Pu-241  7.92E-03 5.23 3.75E+03 5.25E-03 7.40E-03 8.44E-03 8.92E-03 

Pu-242  4.67E-08 3.08E-05 2.21E-02 3.09E-08 4.36E-08 4.94E-08 5.20E-08 

Am-241  3.66E-03 2.42 1.73E+03 2.51E-03 3.08E-03 4.25E-03 4.81E-03 

Am-243  1.83E-07 1.21E-04 8.65E-02 1.37E-07 1.68E-07 1.96E-07 2.07E-07 

Cm-242  3.21E-06 2.12E-03 1.52 3.14E-06 3.16E-06 3.24E-06 3.26E-06 

Cm-243  2.79E-07 1.84E-04 0.132 2.73E-07 2.75E-07 2.82E-07 2.84E-07 

Cm-244  1.05E-05 6.92E-03 4.96 7.59E-06 9.79E-06 1.12E-05 1.18E-05 

Totals M µg/g kg
-95  CI

(M or g/L)
-67 CI

(M or g/L)
+67 CI

(M or g/L)
+95  CI

(M or g/L)
Pu 5.07E-02 (g/L) ---- 24.0 3.35E-02 4.64E-02 5.49E-02 5.90E-02 

U 6.24E-03 982 703 6.04E-03 6.14E-03 6.36E-03 6.41E-03 

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM). 
†Volume average for density, mass average Water wt% and TOC wt% C.
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Single-Shell Tank 241-AX-101

Total Inventory Estimate*

Physical 
Properties -95  CI -67 CI +67 CI +95  CI
Total Waste 4.35E+06 (kg) (748 kgal) ---- ---- ---- ---- ----

Heat Load 10.4 (kW) (3.55E+04 BTU/hr) ---- 9.10 9.93 10.7 11.0 

Bulk Density† 1.54 (g/cc) ---- ---- 1.47 1.51 1.55 1.56 

Water wt%† 38.9 ---- ---- 36.5 37.3 40.4 42.4 

TOC wt% C (wet)† 1.30 ---- ---- 0.721 1.00 1.59 1.87 

Chemical 
Constituents mole/L ppm kg

-95  CI 
(mole/L)

-67 CI 
(mole/L)

+67 CI 
(mole/L)

+95  CI 
(mole/L)

Na+ 12.2 1.82E+05 7.92E+05 11.0 11.6 12.7 13.0 

Al3+ 1.52 2.68E+04 1.16E+05 1.25 1.46 1.56 1.60 
Fe3+ (total Fe) 5.29E-02 1.93E+03 8.37E+03 4.89E-02 5.22E-02 5.35E-02 5.41E-02 

Cr3+ 0.104 3.54E+03 1.54E+04 9.31E-02 9.87E-02 0.110 0.118 

Bi3+ 1.11E-03 151 654 1.03E-03 1.07E-03 1.14E-03 1.20E-03 
La3+ 2.00E-05 1.81 7.86 1.48E-05 1.73E-05 2.27E-05 2.52E-05 

Hg2+ 8.95E-06 1.17 5.08 8.54E-06 8.74E-06 9.15E-06 9.35E-06 

Zr (as ZrO(OH)2) 1.32E-04 7.86 34.2 1.22E-04 1.26E-04 1.36E-04 1.42E-04 

Pb2+ 1.22E-03 165 718 9.30E-04 1.07E-03 1.37E-03 1.52E-03 

Ni2+ 5.31E-03 203 882 4.53E-03 4.99E-03 5.46E-03 5.55E-03 
Sr2+ 0 0 0 0 0 0 0 

Mn4+ 4.15E-03 148 645 3.60E-03 3.87E-03 4.43E-03 4.70E-03 

Ca2+ 2.86E-02 745 3.24E+03 2.53E-02 2.70E-02 2.94E-02 3.02E-02 
K+ 5.84E-02 1.49E+03 6.47E+03 4.94E-02 5.32E-02 6.45E-02 7.28E-02 

OH- 8.64 9.57E+04 4.16E+05 7.34 8.28 8.83 8.99 

NO3- 3.82 1.54E+05 6.71E+05 3.61 3.72 3.93 4.04 
NO2- 2.23 6.68E+04 2.91E+05 1.75 1.96 2.53 2.61 

CO32- 0.466 1.82E+04 7.91E+04 0.429 0.447 0.484 0.495 

PO43- 8.38E-02 5.19E+03 2.25E+04 7.17E-02 7.70E-02 8.92E-02 9.64E-02 
SO42- 0.260 1.62E+04 7.06E+04 0.204 0.227 0.298 0.300 

Si (as SiO32-) 9.47E-02 1.73E+03 7.53E+03 7.46E-02 8.87E-02 9.87E-02 0.103 

F- 6.05E-02 749 3.26E+03 5.09E-02 5.49E-02 6.68E-02 7.61E-02 
Cl- 0.210 4.84E+03 2.11E+04 0.178 0.192 0.216 0.221 

C6H5O73- 2.99E-02 3.68E+03 1.60E+04 2.71E-02 2.83E-02 3.16E-02 3.43E-02 
EDTA4- 3.26E-02 6.12E+03 2.66E+04 1.06E-02 2.14E-02 4.39E-02 5.49E-02 

HEDTA3- 5.85E-02 1.04E+04 4.54E+04 1.44E-02 3.60E-02 8.11E-02 0.103 

glycolate- 0.117 5.73E+03 2.49E+04 7.32E-02 9.47E-02 0.140 0.162 

acetate- 2.18E-02 836 3.64E+03 1.72E-02 1.91E-02 2.46E-02 2.89E-02 

oxalate2- 2.62E-05 1.50 6.52 2.33E-05 2.47E-05 2.76E-05 2.90E-05 
DBP 2.43E-02 3.32E+03 1.45E+04 2.00E-02 2.19E-02 2.69E-02 3.08E-02 

butanol 2.43E-02 1.17E+03 5.10E+03 2.00E-02 2.19E-02 2.69E-02 3.08E-02 

NH3 5.64E-02 624 2.71E+03 4.75E-02 5.10E-02 6.32E-02 7.12E-02 

Fe(CN)64- 0 0 0 0 0 0 0 

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM). 
†Water wt% derived from the difference of density and total dissolved species.
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Single-Shell Tank 241-AX-101
Total Inventory Estimate*

Physical 
Properties -95  CI -67 CI +67 CI +95  CI
Total Waste 4.35E+06 (kg) (748 kgal) ---- ---- ---- ---- ----

Heat Load 10.4 (kW) (3.55E+04 BTU/hr) ---- 9.10 9.93 10.7 11.0 

Bulk Density† 1.54 (g/cc) ---- ---- 1.47 1.51 1.55 1.56 

 

Water wt%† 38.9 ---- ---- 36.5 37.3 40.4 42.4 

TOC wt% C (wet)† 1.30 ---- ---- 0.721 1.00 1.59 1.87 

Radiological 
Constituents Ci/L µCi/g Ci -95  CI (Ci/L) -67 CI (Ci/L) +67 CI (Ci/L) +95  CI (Ci/L)
H-3  2.21E-04 0.144 625 1.51E-04 1.51E-04 2.38E-04 2.59E-04 

C-14  3.49E-05 2.27E-02 98.7 2.02E-05 2.02E-05 3.55E-05 3.62E-05 

Ni-59  5.77E-06 3.75E-03 16.3 4.19E-06 5.08E-06 6.08E-06 6.26E-06 

Ni-63  5.71E-04 0.372 1.62E+03 4.13E-04 5.03E-04 6.03E-04 6.21E-04 

Co-60  4.46E-05 2.91E-02 126 2.79E-05 2.79E-05 4.58E-05 4.80E-05 

Se-79  6.24E-06 4.07E-03 17.7 4.89E-06 5.31E-06 6.78E-06 7.30E-06 

Sr-90 0.360 234 1.02E+06 0.313 0.346 0.365 0.369 

Y-90  0.360 234 1.02E+06 0.313 0.327 0.366 0.369 

Zr-93  2.95E-05 1.92E-02 83.4 2.27E-05 2.48E-05 3.22E-05 3.48E-05 

Nb-93m  2.22E-05 1.44E-02 62.8 1.74E-05 1.89E-05 2.41E-05 2.59E-05 

Tc-99  2.66E-04 0.173 753 2.07E-04 2.33E-04 3.02E-04 3.51E-04 

Ru-106  2.34E-08 1.52E-05 6.62E-02 2.00E-08 2.12E-08 2.41E-08 2.48E-08 

Cd-113m  1.34E-04 8.76E-02 381 1.05E-04 1.06E-04 1.48E-04 1.63E-04 

Sb-125  2.01E-04 0.131 568 1.26E-04 1.26E-04 2.08E-04 2.15E-04 

Sn-126  9.63E-06 6.27E-03 27.3 7.60E-06 8.23E-06 1.04E-05 1.12E-05 

I-129  5.14E-07 3.35E-04 1.45 4.00E-07 4.51E-07 5.84E-07 6.80E-07 

Cs-134  3.99E-06 2.60E-03 11.3 2.33E-06 3.14E-06 4.85E-06 5.68E-06 

Cs-137 0.266 173 7.54E+05 0.234 0.248 0.283 0.308 

Ba-137m  0.252 164 7.13E+05 0.205 0.205 0.267 0.281 

Sm-151  2.26E-02 14.7 6.39E+04 1.78E-02 1.93E-02 2.45E-02 2.63E-02 

Eu-152  7.56E-06 4.93E-03 21.4 6.38E-06 6.41E-06 8.17E-06 8.77E-06 

Eu-154  8.14E-04 0.530 2.30E+03 5.80E-04 5.80E-04 8.98E-04 9.57E-04 

Eu-155  4.80E-04 0.313 1.36E+03 4.08E-04 4.12E-04 5.18E-04 5.54E-04 

Ra-226  3.91E-10 2.55E-07 1.11E-03 3.49E-10 3.62E-10 4.08E-10 4.24E-10 

Ra-228  3.59E-07 2.34E-04 1.02 9.39E-08 9.39E-08 3.92E-07 4.28E-07 

Ac-227  2.18E-09 1.42E-06 6.17E-03 1.94E-09 2.01E-09 2.28E-09 2.37E-09 

Pa-231  6.34E-09 4.13E-06 1.80E-02 5.16E-09 5.41E-09 6.88E-09 7.40E-09 

Th-229  8.32E-09 5.42E-06 2.35E-02 2.20E-09 2.20E-09 9.05E-09 9.83E-09 

Th-232  3.88E-08 2.53E-05 0.110 6.06E-09 6.06E-09 4.77E-08 5.63E-08 

U-232  1.06E-06 6.90E-04 3.00 8.12E-07 9.11E-07 1.23E-06 1.41E-06 

U-233  4.06E-06 2.65E-03 11.5 3.11E-06 3.49E-06 4.71E-06 5.41E-06 

U-234  6.50E-07 4.24E-04 1.84 6.30E-07 6.42E-07 6.59E-07 6.66E-07 

U-235  2.57E-08 1.68E-05 7.29E-02 2.49E-08 2.54E-08 2.61E-08 2.64E-08 

U-236  2.10E-08 1.37E-05 5.94E-02 2.04E-08 2.07E-08 2.12E-08 2.15E-08 

U-238 9.10E-07 5.93E-04 2.58 8.91E-07 9.02E-07 9.18E-07 9.51E-07 

Np-237  9.20E-07 5.99E-04 2.60 7.29E-07 8.14E-07 1.04E-06 1.20E-06 

Pu-238  4.56E-06 2.97E-03 12.9 3.90E-06 4.43E-06 4.66E-06 4.77E-06 

Pu-239 1.30E-04 8.46E-02 368 1.12E-04 1.27E-04 1.33E-04 1.35E-04 

Pu-240  2.37E-05 1.54E-02 67.1 2.05E-05 2.31E-05 2.42E-05 2.47E-05 

Pu-241  3.21E-04 0.209 910 2.75E-04 3.12E-04 3.29E-04 3.36E-04 

Pu-242  1.84E-09 1.20E-06 5.22E-03 1.57E-09 1.79E-09 1.89E-09 1.93E-09 

Am-241  1.65E-04 0.107 466 1.44E-04 1.57E-04 1.73E-04 1.81E-04 

Am-243  6.74E-09 4.39E-06 1.91E-02 5.95E-09 6.52E-09 6.99E-09 7.20E-09 

Cm-242  2.48E-07 1.62E-04 0.703 2.01E-07 2.01E-07 2.71E-07 2.94E-07 

Cm-243  2.22E-08 1.45E-05 6.28E-02 1.77E-08 1.77E-08 2.43E-08 2.63E-08 

Cm-244  4.04E-07 2.63E-04 1.15 3.37E-07 3.58E-07 4.20E-07 4.30E-07 

Totals M µg/g kg
-95  CI

(M or g/L)
-67 CI

(M or g/L)
+67 CI

(M or g/L)
+95  CI

(M or g/L)
Pu 1.93E-03 (g/L) ---- 5.47 1.64E-03 1.88E-03 1.99E-03 2.03E-03 

U 7.28E-03 1.13E+03 4.91E+03 7.04E-03 7.18E-03 7.39E-03 7.47E-03 

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM). 
†Volume average for density, mass average Water wt% and TOC wt% C.
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Single-Shell Tank 241-AX-102

Total Inventory Estimate*

Physical 
Properties -95  CI -67 CI +67 CI +95  CI
Total Waste 2.29E+05 (kg) (39.0 kgal) ---- ---- ---- ---- ----

Heat Load 1.33 (kW) (4.54E+03 BTU/hr) ---- 0.272 0.659 1.59 1.73 

Bulk Density† 1.55 (g/cc) ---- ---- 1.51 1.53 1.58 1.59 

Water wt%† 38.1 ---- ---- 36.2 36.8 39.1 40.3 

TOC wt% C (wet)† 0.983 ---- ---- 0.583 0.779 1.19 1.38 

Chemical 
Constituents mole/L ppm kg

-95  CI 
(mole/L)

-67 CI 
(mole/L)

+67 CI 
(mole/L)

+95  CI 
(mole/L)

Na+ 12.2 1.81E+05 4.15E+04 11.5 11.8 12.8 13.1 
Al3+ 1.61 2.79E+04 6.39E+03 1.44 1.57 1.65 1.68 

Fe3+ (total Fe) 0.211 7.59E+03 1.74E+03 8.30E-02 0.171 0.227 0.235 

Cr3+ 0.111 3.72E+03 852 9.57E-02 0.104 0.114 0.119 

Bi3+ 1.06E-03 142 32.6 9.88E-04 1.02E-03 1.09E-03 1.13E-03 

La3+ 2.20E-05 1.97 0.452 1.61E-05 1.90E-05 2.51E-05 2.80E-05 

Hg2+ 8.09E-06 1.05 0.239 7.72E-06 7.93E-06 8.21E-06 8.33E-06 
Zr (as ZrO(OH)2) 1.55E-04 9.08 2.08 1.42E-04 1.46E-04 1.60E-04 1.67E-04 
Pb2+ 1.04E-03 138 31.7 8.56E-04 9.44E-04 1.13E-03 1.22E-03 
Ni2+ 1.28E-02 483 111 7.35E-03 7.51E-03 2.68E-02 3.40E-02 
Sr2+ 0 0 0 0 0 0 0 
Mn4+ 3.68E-03 130 29.8 3.07E-03 3.37E-03 3.99E-03 4.29E-03 
Ca2+ 6.52E-02 1.68E+03 386 3.65E-02 3.73E-02 0.135 0.171 

K+ 5.59E-02 1.41E+03 323 5.04E-02 5.27E-02 5.97E-02 6.47E-02 

OH- 9.45 1.04E+05 2.37E+04 8.65 9.20 9.71 9.84 

NO3- 4.00 1.60E+05 3.66E+04 3.78 3.90 4.32 4.13 

NO2- 2.14 6.35E+04 1.45E+04 1.85 1.97 2.32 2.41 

CO32- 0.447 1.73E+04 3.96E+03 0.414 0.419 0.517 0.553 
PO43- 7.84E-02 4.80E+03 1.10E+03 7.09E-02 7.35E-02 8.17E-02 8.61E-02 
SO42- 0.232 1.44E+04 3.29E+03 0.198 0.212 0.255 0.266 
Si (as SiO32-) 0.223 4.04E+03 925 6.47E-02 6.77E-02 0.488 0.650 
F- 5.56E-02 681 156 4.96E-02 5.21E-02 5.94E-02 6.51E-02 
Cl- 0.205 4.68E+03 1.07E+03 0.185 0.194 0.212 0.218 
C6H5O73- 2.78E-02 3.38E+03 775 2.59E-02 2.68E-02 2.88E-02 3.05E-02 

EDTA4- 2.28E-02 4.24E+03 971 7.45E-03 1.50E-02 3.08E-02 3.85E-02 

HEDTA3- 4.10E-02 7.24E+03 1.66E+03 1.02E-02 2.52E-02 5.68E-02 7.23E-02 

glycolate- 9.43E-02 4.56E+03 1.04E+03 6.35E-02 7.86E-02 0.110 0.126 

acetate- 1.50E-02 571 131 1.22E-02 1.34E-02 1.67E-02 1.94E-02 
oxalate2- 2.89E-05 1.64 0.375 2.57E-05 2.72E-05 3.05E-05 3.21E-05 
DBP 2.06E-02 2.80E+03 640 1.80E-02 1.92E-02 2.22E-02 2.46E-02 
butanol 2.06E-02 986 226 1.80E-02 1.92E-02 2.22E-02 2.46E-02 

NH3 6.50E-02 712 163 5.51E-02 5.90E-02 7.26E-02 8.15E-02 
Fe(CN)64- 0 0 0 0 0 0 0 

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM). 
†Water wt% derived from the difference of density and total dissolved species.
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Single-Shell Tank 241-AX-102

Total Inventory Estimate*

Physical 
Properties -95  CI -67 CI +67 CI +95  CI
Total Waste 2.29E+05 (kg) (39.0 kgal) ---- ---- ---- ---- ----

Heat Load 1.33 (kW) (4.54E+03 BTU/hr) ---- 0.272 0.659 1.59 1.73 

Bulk Density† 1.55 (g/cc) ---- ---- 1.51 1.53 1.58 1.59 

 

Water wt%† 38.1 ---- ---- 36.2 36.8 39.1 40.3 

TOC wt% C (wet)† 0.983 ---- ---- 0.583 0.779 1.19 1.38 

Radiological 
Constituents Ci/L µCi/g Ci -95  CI (Ci/L) -67 CI (Ci/L) +67 CI (Ci/L) +95  CI (Ci/L)
H-3  2.19E-04 0.141 32.4 1.41E-04 1.41E-04 2.31E-04 2.46E-04 

C-14  3.45E-05 2.23E-02 5.10 1.82E-05 1.82E-05 3.52E-05 3.59E-05 

Ni-59  1.06E-05 6.84E-03 1.57 1.83E-06 2.07E-06 3.34E-05 4.51E-05 

Ni-63  1.09E-03 0.704 161 1.79E-04 2.05E-04 3.46E-03 4.67E-03 

Co-60  4.48E-05 2.89E-02 6.61 2.61E-05 2.61E-05 4.65E-05 3.16E-04 

Se-79  3.58E-05 2.31E-02 5.29 3.20E-06 3.45E-06 5.42E-05 7.18E-05 

Sr-90 1.16 749 1.72E+05 0.101 0.488 1.43 1.56 

Y-90  1.16 750 1.72E+05 0.101 0.488 1.43 1.56 

Zr-93  1.58E-04 0.102 23.3 1.58E-05 1.69E-05 2.50E-04 3.38E-04 

Nb-93m  1.06E-04 6.83E-02 15.6 1.13E-05 1.22E-05 1.70E-04 2.32E-04 

Tc-99  2.55E-04 0.165 37.7 1.94E-04 2.24E-04 2.87E-04 3.17E-04 

Ru-106  3.96E-06 2.55E-03 0.585 3.20E-06 3.86E-06 4.01E-06 4.05E-06 

Cd-113m  7.95E-04 0.513 117 8.54E-05 9.21E-05 1.35E-03 1.87E-03 

Sb-125  2.09E-04 0.134 30.8 1.28E-04 1.28E-04 2.19E-04 2.29E-04 

Sn-126  5.65E-05 3.64E-02 8.35 4.84E-06 5.22E-06 8.41E-05 1.11E-04 

I-129  4.93E-07 3.18E-04 7.28E-02 3.75E-07 4.33E-07 5.54E-07 6.13E-07 

Cs-134  3.41E-06 2.20E-03 0.504 2.25E-06 2.82E-06 4.01E-06 4.60E-06 

Cs-137 0.252 163 3.73E+04 0.230 0.241 0.264 0.278 

Ba-137m  0.239 154 3.52E+04 0.203 0.203 0.250 0.260 

Sm-151  0.105 67.9 1.55E+04 1.12E-02 1.21E-02 0.170 0.231 

Eu-152  1.43E-04 9.19E-02 21.1 1.41E-04 1.41E-04 1.43E-04 1.43E-04 

Eu-154  1.12E-02 7.23 1.66E+03 6.24E-04 1.29E-03 1.58E-02 2.02E-02 

Eu-155  6.95E-03 4.48 1.03E+03 6.87E-03 6.87E-03 6.98E-03 7.00E-03 

Ra-226  1.58E-09 1.02E-06 2.34E-04 1.27E-10 3.53E-10 2.15E-09 2.70E-09 

Ra-228  2.57E-07 1.66E-04 3.79E-02 9.51E-08 9.51E-08 2.91E-07 3.27E-07 

Ac-227  7.70E-09 4.96E-06 1.14E-03 7.88E-10 8.36E-10 1.10E-08 1.42E-08 

Pa-231  4.00E-09 2.58E-06 5.91E-04 2.96E-09 2.96E-09 2.24E-08 4.00E-08 

Th-229  5.98E-09 3.85E-06 8.82E-04 2.24E-09 2.24E-09 6.72E-09 7.51E-09 

Th-232  2.62E-08 1.69E-05 3.86E-03 6.15E-09 6.15E-09 3.16E-08 3.69E-08 

U-232  8.51E-07 5.48E-04 0.126 6.22E-07 7.34E-07 9.87E-07 1.13E-06 

U-233  3.26E-06 2.10E-03 0.482 2.38E-06 2.81E-06 3.78E-06 4.34E-06 

U-234  6.71E-07 4.32E-04 9.90E-02 6.49E-07 6.60E-07 6.82E-07 6.88E-07 

U-235  2.68E-08 1.73E-05 3.96E-03 2.59E-08 2.64E-08 2.73E-08 2.75E-08 

U-236  2.19E-08 1.41E-05 3.23E-03 2.09E-08 2.14E-08 2.22E-08 2.25E-08 

U-238 8.62E-07 5.55E-04 0.127 8.42E-07 8.51E-07 8.73E-07 8.87E-07 

Np-237  8.99E-07 5.79E-04 0.133 7.00E-07 7.97E-07 1.00E-06 1.10E-06 

Pu-238  4.11E-04 0.265 60.7 2.23E-04 3.87E-04 4.22E-04 4.33E-04 

Pu-239 2.81E-03 1.81 415 1.54E-03 2.65E-03 2.89E-03 2.96E-03 

Pu-240  1.00E-03 0.647 148 5.47E-04 9.44E-04 1.03E-03 1.06E-03 

Pu-241  2.84E-02 18.3 4.20E+03 1.54E-02 2.67E-02 2.92E-02 3.00E-02 

Pu-242  2.06E-07 1.32E-04 3.03E-02 1.12E-07 1.93E-07 2.11E-07 2.17E-07 

Am-241  9.02E-03 5.81 1.33E+03 4.44E-03 8.42E-03 9.30E-03 9.56E-03 

Am-243  1.00E-06 6.48E-04 0.148 4.93E-07 9.38E-07 1.04E-06 1.07E-06 

Cm-242  1.21E-05 7.80E-03 1.79 1.20E-05 1.20E-05 1.21E-05 1.21E-05 

Cm-243  1.48E-06 9.52E-04 0.218 1.47E-06 1.47E-06 1.48E-06 1.48E-06 

Cm-244  6.07E-05 3.91E-02 8.96 4.54E-05 5.87E-05 6.16E-05 6.25E-05 

Totals M µg/g kg
-95  CI

(M or g/L)
-67 CI

(M or g/L)
+67 CI

(M or g/L)
+95  CI

(M or g/L)
Pu 4.98E-02 (g/L) ---- 7.35 2.72E-02 4.68E-02 5.11E-02 5.24E-02 

U 7.57E-03 1.16E+03 266 7.31E-03 7.43E-03 7.71E-03 7.77E-03 

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM). 
†Volume average for density, mass average Water wt% and TOC wt% C.
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Single-Shell Tank 241-AX-103

Total Inventory Estimate*

Physical 
Properties -95  CI -67 CI +67 CI +95  CI
Total Waste 6.20E+05 (kg) (112 kgal) ---- ---- ---- ---- ----

Heat Load 6.56 (kW) (2.24E+04 BTU/hr) ---- 5.82 6.33 6.70 6.81 

Bulk Density† 1.46 (g/cc) ---- ---- 1.42 1.45 1.48 1.48 

Water wt%† 45.2 ---- ---- 43.2 43.9 46.5 48.1 

TOC wt% C (wet)† 1.01 ---- ---- 0.589 0.794 1.22 1.43 

Chemical 
Constituents mole/L ppm kg

-95  CI 
(mole/L)

-67 CI 
(mole/L)

+67 CI 
(mole/L)

+95  CI 
(mole/L)

Na+ 10.1 1.59E+05 9.87E+04 9.25 9.71 10.5 10.7 
Al3+ 1.21 2.22E+04 1.38E+04 1.00 1.16 1.24 1.27 

Fe3+ (total Fe) 0.376 1.44E+04 8.91E+03 0.364 0.373 0.378 0.379 

Cr3+ 8.38E-02 2.98E+03 1.85E+03 7.43E-02 7.94E-02 8.79E-02 9.38E-02 
Bi3+ 8.63E-04 123 76.4 8.09E-04 8.35E-04 8.90E-04 9.32E-04 

La3+ 1.54E-05 1.46 0.904 1.13E-05 1.33E-05 1.74E-05 1.94E-05 
Hg2+ 6.93E-06 0.950 0.589 6.63E-06 6.78E-06 7.08E-06 7.23E-06 

Zr (as ZrO(OH)2) 1.07E-04 6.68 4.14 9.90E-05 1.02E-04 1.11E-04 1.15E-04 

Pb2+ 9.39E-04 133 82.5 7.22E-04 8.28E-04 1.05E-03 1.16E-03 
Ni2+ 1.09E-02 439 272 3.81E-03 7.99E-03 1.24E-02 1.32E-02 

Sr2+ 0 0 0 0 0 0 0 

Mn4+ 3.20E-03 120 74.5 2.75E-03 2.97E-03 3.42E-03 3.64E-03 
Ca2+ 5.03E-02 1.38E+03 854 2.05E-02 3.55E-02 5.76E-02 6.18E-02 

K+ 4.67E-02 1.25E+03 775 4.01E-02 4.29E-02 5.12E-02 5.73E-02 
OH- 7.95 9.24E+04 5.73E+04 6.99 7.68 8.11 8.26 

NO3- 3.05 1.29E+05 8.02E+04 2.89 2.97 3.13 3.21 

NO2- 1.81 5.68E+04 3.53E+04 1.46 1.60 2.03 2.09 
CO32- 0.399 1.64E+04 1.02E+04 0.363 0.381 0.417 0.429 

PO43- 6.50E-02 4.22E+03 2.62E+03 5.60E-02 5.99E-02 6.90E-02 7.43E-02 

SO42- 0.216 1.42E+04 8.81E+03 0.175 0.192 0.244 0.246 
Si (as SiO32-) 0.244 4.69E+03 2.91E+03 5.72E-02 0.188 0.272 0.295 

F- 4.69E-02 610 378 3.98E-02 4.28E-02 5.16E-02 5.85E-02 
Cl- 0.169 4.10E+03 2.55E+03 0.146 0.156 0.174 0.179 

C6H5O73- 2.40E-02 3.10E+03 1.92E+03 2.19E-02 2.28E-02 2.53E-02 2.73E-02 

EDTA4- 2.28E-02 4.48E+03 2.78E+03 7.56E-03 1.50E-02 3.06E-02 3.82E-02 
HEDTA3- 4.04E-02 7.57E+03 4.70E+03 9.99E-03 2.49E-02 5.61E-02 7.13E-02 

glycolate- 9.75E-02 5.00E+03 3.10E+03 6.71E-02 8.20E-02 0.113 0.128 
acetate- 1.64E-02 661 410 1.30E-02 1.44E-02 1.85E-02 2.17E-02 

oxalate2- 2.01E-05 1.21 0.750 1.79E-05 1.90E-05 2.12E-05 2.23E-05 
DBP 1.88E-02 2.70E+03 1.67E+03 1.56E-02 1.70E-02 2.07E-02 2.36E-02 

butanol 1.88E-02 951 590 1.56E-02 1.70E-02 2.07E-02 2.36E-02 

NH3 7.54E-02 876 543 5.42E-02 6.49E-02 8.63E-02 9.71E-02 

Fe(CN)64- 0 0 0 0 0 0 0 

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM). 
†Water wt% derived from the difference of density and total dissolved species.  
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Single-Shell Tank 241-AX-103
Total Inventory Estimate*

Physical 
Properties -95  CI -67 CI +67 CI +95  CI
Total Waste 6.20E+05 (kg) (112 kgal) ---- ---- ---- ---- ----

Heat Load 6.56 (kW) (2.24E+04 BTU/hr) ---- 5.82 6.33 6.70 6.81 

Bulk Density† 1.46 (g/cc) ---- ---- 1.42 1.45 1.48 1.48 

 

Water wt%† 45.2 ---- ---- 43.2 43.9 46.5 48.1 

TOC wt% C (wet)† 1.01 ---- ---- 0.589 0.794 1.22 1.43 

Radiological 
Constituents Ci/L µCi/g Ci -95  CI (Ci/L) -67 CI (Ci/L) +67 CI (Ci/L) +95  CI (Ci/L)
H-3  1.88E-04 0.129 79.8 1.32E-04 1.32E-04 2.04E-04 2.23E-04 

C-14  2.98E-05 2.04E-02 12.6 1.80E-05 1.80E-05 3.10E-05 3.22E-05 

Ni-59  1.61E-05 1.10E-02 6.83 1.67E-06 1.01E-05 1.91E-05 2.08E-05 

Ni-63  1.62E-03 1.10 685 1.65E-04 1.01E-03 1.91E-03 2.08E-03 

Co-60  3.81E-05 2.60E-02 16.2 2.46E-05 2.46E-05 3.98E-05 7.32E-05 

Se-79  1.66E-05 1.14E-02 7.04 3.94E-06 1.33E-05 1.88E-05 2.09E-05 

Sr-90 2.10 1.44E+03 8.92E+05 1.89 2.05 2.13 2.15 

Y-90  2.11 1.44E+03 8.93E+05 1.89 2.05 2.13 2.15 

Zr-93  7.72E-05 5.27E-02 32.7 1.43E-05 6.07E-05 8.82E-05 9.88E-05 

Nb-93m  5.75E-05 3.93E-02 24.4 1.32E-05 4.60E-05 6.53E-05 7.27E-05 

Tc-99  2.25E-04 0.154 95.4 1.81E-04 2.01E-04 2.52E-04 2.88E-04 

Ru-106  5.39E-08 3.68E-05 2.28E-02 2.22E-08 4.57E-08 5.94E-08 6.47E-08 

Cd-113m  3.46E-04 0.237 147 7.69E-05 2.48E-04 4.12E-04 4.76E-04 

Sb-125  1.71E-04 0.117 72.4 1.12E-04 1.12E-04 1.78E-04 1.86E-04 

Sn-126  2.58E-05 1.76E-02 10.9 6.78E-06 2.09E-05 2.91E-05 3.23E-05 

I-129  4.35E-07 2.97E-04 0.184 3.50E-07 3.88E-07 4.87E-07 5.58E-07 

Cs-134  3.79E-06 2.59E-03 1.61 2.64E-06 3.20E-06 4.38E-06 4.96E-06 

Cs-137 0.275 188 1.17E+05 0.212 0.243 0.307 0.338 

Ba-137m  0.260 178 1.10E+05 0.200 0.226 0.290 0.320 

Sm-151  6.14E-02 41.9 2.60E+04 1.70E-02 4.99E-02 6.91E-02 7.65E-02 

Eu-152  1.94E-05 1.32E-02 8.21 1.84E-05 1.84E-05 1.98E-05 2.02E-05 

Eu-154  1.44E-03 0.987 612 5.52E-04 6.23E-04 2.00E-03 2.53E-03 

Eu-155  1.39E-03 0.951 590 1.34E-03 1.34E-03 1.42E-03 1.44E-03 

Ra-226  1.03E-09 7.02E-07 4.36E-04 6.35E-10 9.26E-10 1.10E-09 1.16E-09 

Ra-228  2.69E-07 1.84E-04 0.114 7.32E-08 7.32E-08 2.95E-07 3.23E-07 

Ac-227  5.62E-09 3.84E-06 2.38E-03 3.34E-09 5.03E-09 6.02E-09 6.40E-09 

Pa-231  1.43E-08 9.75E-06 6.05E-03 3.25E-09 1.10E-08 1.65E-08 1.86E-08 

Th-229  6.24E-09 4.27E-06 2.65E-03 1.72E-09 1.72E-09 6.81E-09 7.42E-09 

Th-232  2.89E-08 1.98E-05 1.23E-02 4.73E-09 4.73E-09 3.56E-08 4.19E-08 

U-232  8.05E-07 5.50E-04 0.341 6.21E-07 6.95E-07 9.31E-07 1.06E-06 

U-233  3.09E-06 2.11E-03 1.31 2.38E-06 2.66E-06 3.57E-06 4.08E-06 

U-234  5.24E-07 3.58E-04 0.222 5.07E-07 5.17E-07 5.31E-07 5.36E-07 

U-235  2.08E-08 1.42E-05 8.81E-03 2.01E-08 2.05E-08 2.11E-08 2.13E-08 

U-236  1.68E-08 1.15E-05 7.11E-03 1.63E-08 1.66E-08 1.70E-08 1.72E-08 

U-238 7.20E-07 4.92E-04 0.305 7.05E-07 7.14E-07 7.27E-07 7.51E-07 

Np-237  7.56E-07 5.16E-04 0.320 6.12E-07 6.77E-07 8.43E-07 9.62E-07 

Pu-238  1.28E-05 8.78E-03 5.45 1.07E-05 1.23E-05 1.32E-05 1.36E-05 

Pu-239 3.40E-04 0.232 144 2.85E-04 3.26E-04 3.50E-04 3.59E-04 

Pu-240  6.43E-05 4.39E-02 27.3 5.37E-05 6.16E-05 6.61E-05 6.79E-05 

Pu-241  9.13E-04 0.624 387 7.61E-04 8.73E-04 9.39E-04 9.64E-04 

Pu-242  5.26E-09 3.59E-06 2.23E-03 4.38E-09 5.03E-09 5.41E-09 5.56E-09 

Am-241  5.25E-04 0.359 222 3.35E-04 4.75E-04 5.58E-04 5.89E-04 

Am-243  1.65E-08 1.13E-05 6.99E-03 1.07E-08 1.50E-08 1.75E-08 1.85E-08 

Cm-242  5.56E-07 3.80E-04 0.236 5.17E-07 5.17E-07 5.72E-07 5.87E-07 

Cm-243  4.46E-08 3.05E-05 1.89E-02 4.10E-08 4.10E-08 4.61E-08 4.75E-08 

Cm-244  1.13E-06 7.73E-04 0.479 4.97E-07 9.66E-07 1.24E-06 1.35E-06 

Totals M µg/g kg
-95  CI

(M or g/L)
-67 CI

(M or g/L)
+67 CI

(M or g/L)
+95  CI

(M or g/L)
Pu 5.58E-03 (g/L) ---- 2.37 4.64E-03 5.34E-03 5.74E-03 5.90E-03 

U 5.88E-03 957 594 5.69E-03 5.80E-03 5.97E-03 6.04E-03 

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM). 
†Volume average for density, mass average Water wt% and TOC wt% C.  
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Single-Shell Tank 241-AX-104

Total Inventory Estimate*

Physical 
Properties -95  CI -67 CI +67 CI +95  CI
Total Waste 3.56E+04 (kg) (7.00 kgal) ---- ---- ---- ---- ----

Heat Load 2.96 (kW) (1.01E+04 BTU/hr) ---- 2.61 2.86 3.03 3.07 

Bulk Density† 1.34 (g/cc) ---- ---- 1.19 1.29 1.38 1.40 

Water wt%† 61.5 ---- ---- 57.6 59.3 65.0 71.7 

TOC wt% C (wet)† 0 ---- ---- 0 0 0 0 

Chemical 
Constituents mole/L ppm kg

-95  CI 
(mole/L)

-67 CI 
(mole/L)

+67 CI 
(mole/L)

+95  CI 
(mole/L)

Na+ 4.03 6.89E+04 2.45E+03 0.428 2.83 4.78 5.33 

Al3+ 0 0 0 0 0 0 0 
Fe3+ (total Fe) 2.96 1.23E+05 4.38E+03 2.86 2.93 2.97 2.98 

Cr3+ 6.50E-03 252 8.96 2.46E-03 4.49E-03 8.54E-03 1.05E-02 

Bi3+ 0 0 0 0 0 0 0 
La3+ 0 0 0 0 0 0 0 

Hg2+ 0 0 0 0 0 0 0 

Zr (as ZrO(OH)2) 0 0 0 0 0 0 0 

Pb2+ 0 0 0 0 0 0 0 

Ni2+ 5.81E-02 2.54E+03 90.4 1.23E-03 3.45E-02 6.99E-02 7.66E-02 
Sr2+ 0 0 0 0 0 0 0 

Mn4+ 0 0 0 0 0 0 0 

Ca2+ 0.243 7.25E+03 258 5.58E-03 0.125 0.302 0.335 
K+ 4.58E-03 133 4.75 1.74E-03 3.17E-03 6.02E-03 7.41E-03 

OH- 9.14 1.16E+05 4.12E+03 8.64 8.97 9.26 9.34 

NO3- 6.17E-17 2.85E-12 1.01E-13 7.32E-18 1.96E-17 2.81E-16 5.59E-15 
NO2- 0.587 2.01E+04 715 0.222 0.405 0.771 0.948 

CO32- 0.243 1.09E+04 386 5.58E-03 0.125 0.302 0.335 

PO43- 0 0 0 0 0 0 0 
SO42- 0.129 9.23E+03 328 4.89E-02 8.91E-02 0.170 0.209 

Si (as SiO32-) 1.52 3.18E+04 1.13E+03 2.83E-02 1.08 1.75 1.94 

F- 0 0 0 0 0 0 0 
Cl- 2.11E-02 556 19.8 7.98E-03 1.46E-02 2.77E-02 3.41E-02 

C6H5O73- 0 0 0 0 0 0 0 
EDTA4- 0 0 0 0 0 0 0 

HEDTA3- 0 0 0 0 0 0 0 

glycolate- 0 0 0 0 0 0 0 

acetate- 0 0 0 0 0 0 0 

oxalate2- 0 0 0 0 0 0 0 
DBP 0 0 0 0 0 0 0 

butanol 0 0 0 0 0 0 0 

NH3 0.270 3.41E+03 122 0.106 0.190 0.352 0.431 

Fe(CN)64- 0 0 0 0 0 0 0 

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM). 
†Water wt% derived from the difference of density and total dissolved species.
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Single-Shell Tank 241-AX-104

Total Inventory Estimate*

Physical 
Properties -95  CI -67 CI +67 CI +95  CI
Total Waste 3.56E+04 (kg) (7.00 kgal) ---- ---- ---- ---- ----

Heat Load 2.96 (kW) (1.01E+04 BTU/hr) ---- 2.61 2.86 3.03 3.07 

Bulk Density† 1.34 (g/cc) ---- ---- 1.19 1.29 1.38 1.40 
 

Water wt%† 61.5 ---- ---- 57.6 59.3 65.0 71.7 

TOC wt% C (wet)† 0 ---- ---- 0 0 0 0 

Radiological 
Constituents Ci/L µCi/g Ci

-95  CI 
(Ci/L)

-67 CI 
(Ci/L)

+67 CI 
(Ci/L)

+95  CI 
(Ci/L)

H-3  1.28E-04 9.50E-02 3.38 1.76E-05 5.96E-05 2.22E-04 3.38E-04 

C-14  2.38E-05 1.77E-02 0.630 9.00E-06 1.64E-05 3.12E-05 3.84E-05 

Ni-59  1.18E-04 8.77E-02 3.12 2.49E-06 7.00E-05 1.42E-04 1.55E-04 

Ni-63  1.18E-02 8.81 313 2.50E-04 7.03E-03 1.42E-02 1.56E-02 

Co-60  3.28E-05 2.44E-02 0.868 1.24E-05 2.26E-05 4.30E-05 3.17E-04 

Se-79  1.11E-04 8.30E-02 2.95 1.02E-05 8.53E-05 1.29E-04 1.47E-04 

Sr-90 16.2 1.20E+04 4.28E+05 14.5 15.7 16.4 16.5 

Y-90  16.2 1.20E+04 4.29E+05 14.5 15.7 16.4 16.5 

Zr-93  5.12E-04 0.381 13.6 9.11E-06 3.81E-04 6.02E-04 6.87E-04 

Nb-93m  3.84E-04 0.286 10.2 3.00E-05 2.93E-04 4.47E-04 5.07E-04 

Tc-99  1.69E-04 0.125 4.47 6.38E-05 1.16E-04 2.21E-04 2.72E-04 

Ru-106  3.82E-07 2.84E-04 1.01E-02 1.29E-07 3.16E-07 4.27E-07 4.70E-07 

Cd-113m  2.20E-03 1.63 58.2 4.41E-05 1.41E-03 2.73E-03 3.25E-03 

Sb-125  1.47E-04 0.110 3.90 5.57E-05 1.02E-04 1.93E-04 2.38E-04 

Sn-126  1.74E-04 0.129 4.61 2.20E-05 1.35E-04 2.01E-04 2.27E-04 

I-129  3.26E-07 2.43E-04 8.64E-03 1.23E-07 2.25E-07 4.28E-07 5.27E-07 

Cs-134  7.81E-06 5.81E-03 0.207 2.96E-06 5.39E-06 1.03E-05 1.26E-05 

Cs-137 0.621 463 1.65E+04 0.235 0.429 0.816 1.00 

Ba-137m  0.588 438 1.56E+04 0.223 0.406 0.772 0.950 

Sm-151  0.416 309 1.10E+04 6.12E-02 0.324 0.478 0.538 

Eu-152  1.27E-04 9.44E-02 3.36 1.25E-04 1.26E-04 1.28E-04 1.29E-04 

Eu-154  7.31E-03 5.44 194 2.36E-04 7.46E-04 1.18E-02 1.61E-02 

Eu-155  9.45E-03 7.03 250 9.28E-03 9.37E-03 9.55E-03 9.64E-03 

Ra-226  7.39E-09 5.51E-06 1.96E-04 4.26E-09 6.59E-09 7.96E-09 8.49E-09 

Ra-228  6.69E-14 4.98E-11 1.77E-09 6.57E-14 6.63E-14 6.76E-14 6.82E-14 

Ac-227  3.99E-08 2.97E-05 1.06E-03 2.17E-08 3.52E-08 4.31E-08 4.62E-08 

Pa-231  8.98E-08 6.68E-05 2.38E-03 1.67E-09 6.36E-08 1.08E-07 1.25E-07 

Th-229  1.04E-11 7.77E-09 2.77E-07 1.03E-11 1.04E-11 1.06E-11 1.06E-11 

Th-232  6.04E-15 4.49E-12 1.60E-10 2.28E-15 4.17E-15 7.93E-15 9.75E-15 

U-232  8.39E-12 6.24E-09 2.22E-07 3.18E-12 5.79E-12 1.10E-11 1.36E-11 

U-233  1.98E-13 1.47E-10 5.24E-09 7.49E-14 1.37E-13 2.60E-13 3.20E-13 

U-234  1.03E-07 7.70E-05 2.74E-03 3.91E-08 7.14E-08 1.36E-07 1.67E-07 

U-235  4.31E-09 3.21E-06 1.14E-04 1.63E-09 2.98E-09 5.67E-09 6.97E-09 

U-236  2.82E-09 2.10E-06 7.47E-05 1.07E-09 1.95E-09 3.71E-09 4.56E-09 

U-238 1.01E-07 7.49E-05 2.67E-03 3.81E-08 6.95E-08 1.32E-07 1.63E-07 

Np-237  3.60E-07 2.68E-04 9.54E-03 1.36E-07 2.49E-07 4.73E-07 5.82E-07 

Pu-238  9.42E-05 7.01E-02 2.50 7.72E-05 8.99E-05 9.73E-05 1.00E-04 

Pu-239 2.44E-03 1.82 64.7 2.00E-03 2.33E-03 2.52E-03 2.60E-03 
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Appendix B 
 
 
 

Suggested Approach for 
First Determination Assessment 

 
 
 This chapter presents a basic approach for an assessment-monitoring program, as required by 
40 CFR 265.93(a).  The assessment program must be capable of determining whether dangerous waste or 
dangerous waste constituents from the facility have compromised groundwater, and if so, to determine the 
concentration, the rate and the extent of migration in the groundwater (40 CFR 265.93(d)). 
 
 If an indicator parameter at a downgradient well exceeds the initial background value, an assessment 
plan will be prepared and submitted to Washington State Department of Ecology (Ecology).  The plan 
will include the: 
 

• description of the approach to determine if dangerous waste or dangerous waste constituents from the 
facility have entered the groundwater or if the exceedance was caused by other sources (false positive 
rationale) 

 
• description of the investigative approach to fully characterize rate and extent of contaminant 

migration 
 

• number, locations, and depths of wells in the monitoring network 
 
• sampling and analytical methods used 
 
• data evaluation procedures 
 
• an implementation schedule. 

 
 A generic flowchart for the assessment program is presented in Figure B.1 with a proposed plan 
outline provided in Table B.1. 
 
 The first determination is conducted as soon as technically feasible and a report of the findings sent to 
Ecology.  If a further determination investigation is required based on the results of the first 
determination, a detailed assessment plan appropriate to Waste Management Area (WMA) A-AX will be 
developed and updated annually as required by 40 CFR 265.94(b). 
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Table B.1.  Contents of Proposed Groundwater Quality Assessment Monitoring Plan 
 

1.0 Introduction 
 1.1 Objectives 
 1.2 Approach 
 1.3 Scope and Organization 

2.0 Background Information 
2.1 Facility Description 
2.2 Facility Operational History 

2.2.1 Past Operational Tank History 
2.2.2 Tank Leak History 
2.2.3 Present Operational History 

2.3 Waste Characteristics 
2.3.1 PUREX Primary Process 

2.4 Geology 
2.4.1 Site Specific Stratigraphy 
2.4.2 Aquifer properties 

2.5 Groundwater Chemistry 
 

4.0 Assessment Monitoring Program 
 4.1 Monitoring Network 
 4.2 Groundwater Flow Direction Rate 
 4.3 Dangerous Waste Constituents  
 4.4 Investigative Tasks 
5.0 Assessment Schedule and Budget 

6.0 References 3.0 Conceptual Model 
3.1 Contaminant Sources 
3.2 Driving Forces 
3.3 Migration Pathways 

Appendix A–Sampling and Analysis Plan 
Appendix B–As-Built Diagrams of Single-Shell 
Tank System Waste Management Area A-AX 
Groundwater Monitoring Wells  
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Figure B.1.  Flow Chart for First Determination Groundwater Quality 
 Assessment Monitoring Program 
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Appendix C 

 
 

As-Built Diagrams of Single-Shell Tank System Waste Management 
Area A-AX Groundwater Monitoring Wells 

 
 
 The following as-built diagrams illustrate specifications of well construction and the general 
lithologic information recorded during the drilling of each well.  All depths and dimensions are in feet and 
inches, as they were recorded during the drilling and construction of the wells.  Included are the six wells 
in the current A-AX, and additional candidate wells that could be added to the network if assessment 
monitoring becomes necessary. 
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Appendix D 
 
 
 

Sampling and Analysis Plan 
 
 
 This appendix consists of a description of the statistical method used for data evaluation, the field 
sampling plan (FSP), and the quality assurance project plan (QAPP).  The t-test required to calcula te the 
critical means is provided in Table 4.1.  The FSP specifies the location of procedures guiding sample and 
field data collection.  The Sampling Services Procedure Manual (WMFS 1998) includes the procedures 
and project management controls intended to ensure the analyzed data and associated measurement errors 
meet the quantitative and qualitative needs of the groundwater monitoring program at Waste Management 
Area (WMA) A-AX.  Together these documents form the Sampling and Analysis Plan (SAP).  The SAP 
is used as a principal controlling document for conducting the work identified in Section 4.3. 
 
 Activities identified in Section 4.3.4 that relate to compliance issues are not currently included in the 
SAP.  Prior to commencement of the tasks required to bring WMA A-AX into compliance with 40 CFR 
265, Subpart F, and by reference of Washington State Administrative Code (WAC) 173-303-400 (3), a 
well installation plan will be developed with a work plan and schedule to guide implementation of these 
tasks. 
 

D.1 Statistical Methods 
 
 The goal of RCRA detection monitoring is to determine if WMA A-AX has affected groundwater 
quality.  This is determined based on the results of a statistical test.  According to 40 CFR 265.92 (and by 
reference of WAC 173-303-400[3]) the owner/operator of an interim-status hazardous waste facility must 
establish initial background concentrations for the contamination indicator parameters:  specific conduc-
tance, pH, total organic carbon, and total organic halogen.  This has been done for WMA A-AX by 
obtaining at least four replicate measurements for each parameter from each well quarterly for 1 year.  
Data from the upgradient well(s) were used to determine the initial background arithmetic mean and 
variance. 
 
 Monitoring data collected afte r the first year are compared with the initial background data to deter-
mine if there is an indication that contamination may have occurred.  A t-test is required to make this 
determination (40 CFR 265.93[b]).  A recommended method is the averaged replicate t-test method 
described in Appendix B of the RCRA Groundwater Monitoring Technical Enforcement Guidance Docu-
ment (EPA 1986b).  The averaged replicate t-test method for each contamination indicator parameter is 
calculated as: 
 

 ( ) b  bb1 1/n1*S/x - x  t +=  (D.1) 
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where t = test statistic  

 x i = average of replicates from the ith monitoring well 
 x b = background average 
 Sb = background standard deviation 
 nb = number of background replicate averages. 
 
 A test statistic larger than the Bonferroni critical value, tc, (i.e., t > tc) indicates a statistically 
significant probability of contamination.  These Bonferroni critical values depend on the overall false-
positive rate required for each sampling period (i.e., 1% for interim status), the total number of wells in 
the monitoring network, and the number of degrees of freedom (nb - 1) associated with the background 
standard deviation.  Because of the nature of the test statistic in the above equation, results to be com-
pared to background do not contribute to the estimate of the variance.  The test can be reformulated, 
without prior knowledge of the results of the sample to be compared to background (i.e., x̄i), in such a 
way that a critical mean, CM, can be obtained: 
 

 )1/n (1 * S *  t x  CM bbcb ++=  (one tailed)  (D.2) 

 

 )1/n+ (1 * S *  t± x = CM bbcb  (two tailed)  (D.3) 

 
 If downgradient data exceed the CM, they are determined to be statistically different from back-
ground.  For pH, a two-tailed CM (or critical range) is calculated and downgradient data beyond the range 
are considered to be statistically different from background.  If a statistical exceedance is detected, the 
well will be resampled to determine if the originally detected increase (or pH decrease) was a result of 
laboratory or measurement error (verification sampling).  If verification sampling confirms the exceed-
ance, the owner/operator must notify Ecology within 7 days and submit a groundwater quality assessment 
plan within 15 days following the notification (40 CFR 265.93[d]).  The goal of the assessment monitor-
ing program is to determine if dangerous waste or dangerous waste constituents from the facility have 
entered the groundwater and, if so, to determine their concentration and the rate and extent of migration in 
groundwater (40 CFR 265.93[d]).  Critical mean values for WMA A-AX are presented in Table 4.1 in 
Section 4.3.3. 
 

D.2 Field Sampling Plan 
 
 Sampling and analyses for the WMA A-AX is part of the Hanford Groundwater Monitoring Project.  
Procedures for groundwater sampling, sample documentation and preservation, shipment, and chain-of-
custody requirements are described in WHC-CM-7-7, and in the project quality assurance project plan 
(PNNL 1998).  Samples are collected after a minimum of three casing volumes of water have been purged 
from the well and/or after field parameters (pH, temperature, conductivity, and turbidity) are stable.  For 
routine groundwater samples, labels and preservatives are added to the collection bottles prior to transport  
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to the field.  Samples to be analyzed for metals are filtered in the field to assure results represent dissolved 
metals and do not include particulates.  Procedures for field measurements are specified in the 
subcontractor’s and/or manufacturer’s manuals. 
 
D.3 Quality Assurance Project Plan 
 
 The groundwater monitoring project’s quality assurance/quality control (QA/QC) program is 
designed to assess and improve the reliability and validity of groundwater data.  The primary quantitative 
measures or parameters used to assess data quality are accuracy, precision, completeness, and the method 
detection limit.  The QC parameters are evaluated through laboratory checks (e.g., matrix spikes, labo-
ratory blanks), duplicate sampling and analysis, and analysis of blind standards and blanks.  When 
required, interlaboratory comparisons are made.  Acceptance criteria have been established for each of 
these parameters (PNNL 1998), based on guidance from the U.S. Environmental Protection Agency 
(OSWER-9950.1; EPA 1986a).  When a parameter is outside the criteria, corrective actions are taken to 
prevent a future occurrence.  Affected data are either rejected with a reanalysis of the sample or flagged in 
the database as suspect. 
 
 Furthermore, the data undergo a validation/verification process according to a documented procedure 
in the Hanford Groundwater Monitoring Project QAPP.  Quality control data are evaluated against criteria 
provided in the QAPP.  In addition, the project scientist for WMA A-AX, who has specific site knowl-
edge of historic chemical trends, the facility operations, and the local hydrogeology, screens the data.  If 
the data are suspect, the lab is requested to check calculations and/or reanalyze the sample.  Suspect data 
are either rejected with the reanalysis value or flagged in the database.  If after reanalysis, the data are still 
questionable and pertain to exceedences in the DWS, a new sample is collected and analyzed. 
 
 Qualitative measures include representativeness and comparability.  For this groundwater monitor ing 
program, the location of the wells with respect to WMA facilities, with respect to groundwater flow direc-
tion and rate and the interwell spacing address the goal of acquiring representative samples.  In addition, 
the materials used in well construction, the well construction design, and the length of the screened 
interval are designed to provide samples representative of groundwater conditions in the uppermost 
aquifer under the WMA.  The sampling frequency is also examined with each sampling event to assure 
adequacy to detect changes in groundwater quality occurring across the site.  Sampling techniques are 
addressed in the FSP in Appendix D.2.  Analysis techniques are specified in contracts with the analytical 
laboratories used by the Hanford Groundwater Monitoring Project.  Most techniques are standard 
methods from Test Methods for Evaluating Solid Wastes, Physical/Chemical Methods (EPA 1986a).  
Alternative procedures meet the guidelines of SW-846, Chapter 10.  Analytical methods are described in 
Gillespie (1999). 
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 Comparability is the confidence with which one data set can be compared to another.  The degree to 
which this can be accomplished depends upon the degree to which the data are accurate, precise, com-
plete, and representative of the groundwater conditions at the WMA.  When comparisons between data 
sets indicate data may be problematic, the data validation/verification process is followed until compari-
sons can be made with confidence. 
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